////IKMIIII 2 B N B BN O O B N O N E e e ll-l ﬂ

SIDEJINDER ARCAS PE

MISSILES AND SPACE DIVISION
LTV Aerospace Corporation
P. 0. Box 6267

Dallas, Texas 75222

TITLE

FORMANCE
CHARACTERISTICS

SUBMITTED UNDER

Dallas Support Iten No. 5

REPORT NO,

00,1084

DATED

9 July 1968

PROJECT CONTRACT NO.

JAS1-6957

fhieag -

A TN - Eosan

% /HM,”L-,./

3-82712 R2

V PRE D T EVIEWED PPROVED
L. Z. Dictert J.\\I*\L, Bean d. L. Cannon
2.0 B,
C. 4. Bridgs
REV. DATE REV. BY FfAGES AFFECTED REMARKS
— —— e - —
- U L P — —— e
A e e e - — — e —
—_—— ————— i e e e -4 - — — ——————y
S e P — _
S e —— ST S —— . -
— -




4

0-%0%91

UNG-TEMCO-VOUGHT, INC. . _
' REPORT NO. 00,1084

_Pageno. 1

- o ' FOREWORD

This report presents the results of analyses performed to determine
the flight characterlstlcs of the Sidewinder-Arces required to obtain range -
acceptance at the NA3A Wallops Island Launch Facility. These Analyses
were performed by the Missiles and Space Division (MSD) of LTV Aerosﬁace
Corporation in support of the NASA langley Research Center Fiight Vehicle
Systems Division (NASA-LRC-FVSD) under Dallas Support Item No. 5 to NASA
LRC Contract NA31-6957.
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- SUMMARY

Thislreport presents the results of analyses perfbrmed to determine
ceftain'of the flight charactéristics of the Sidewinder-Arcas sounding
rocket required to obtain range acceptance at the NASA Wallops Island
Launch Facility. 1In addition, a procedﬁre and‘tﬁe required information
to compensate for the effects of winds during flight has been developed
for a nominal, 12-pound payload weight 20-degree launch elevation angls,
trajectory. This procedure consists of determining the adjustment in
launcher settings required to correct for errors in second stage impact
location due to winds,

The aerodynamic and rocket motor characteristics, mass inertis
properties and sequence of events utilized in these analyses are presented.
These data were supplied by NASA-LRC-FVSD with the exception of
aerodynamic coefficients for axlal force and roll characteristics which
were developed as & part of this contract.

| Results of these analyses have been reviewed with NASA-LRC-FVG3D
and JASA-WI range safety personnél and there appears to be no problem
in obtaining range acceptance %a,far as performance and flight characteristics
are concerned., The performancé analysis indicates that the Sidewinder4Arcas
vehicle can place a 12-pound payload to an altitude in excess of Ad0,000

feet, ’ '
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1.0 INTRODUCTION

This repért presents the results of engineering analyses of the
Sidewinder-Arcas sounding rocket, These analyses were performed under
Dallas Support Item No. 5 to Contract NAS1-6957. To obtain acceptance
by Wallops Station for launch of the Sidewinder Arcas vehicle, certain
data are required for range safety and mission ?lanning purposes., The
objective of this effort is to provide the necessary performance,
anerodynamic, and flight dynamic information.

Specific tasks in the analyses included determining the drag, roll
damping derivative, and rolling moment derivative of the vehicle;
calculating a nominal trajectory based on a 12-pound payload and an
80-degree launch alevation-angle; calculating additionél trajectories
for other combinations of payload weights of 12, 14, and 16 pounds and
launch elevation angles of 75, 80, and 85 degrees; performing a dispersion
analysis based on the nominal trajectory and certain error sources;
developing wind compensation data for the nominal trajectory; defining
the pitch-roll resonence flight conditions; and determining the dynanmic
response of the vehicle to thrust and vehicle misalignments.

The reéults of the aerodynamic analysis combined with the vehicle
configurational data supplied by NASA-LRC give the input data for the
trajectory analysis. The results of this effort are presented in
graphical and tabular form. For the nominal'yrajectory,‘certain
trajectory parameters are plotted as time histori;s; data from the other '
trnjectories are presented parametricslly over the rrnges of payload

/ -
weight «nd launch elevation angle considered., To allow more precise

evaluation of specific trojectory parameiera, ceomputer nrint-outs of

the trajectory par:meters including radar tréckiny dats are prescnted
é

in Appendix A,

~
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The vehicle data supplied by LRC have been enclosed in an effort
to include all relevant data in one document. Since the Sidewiﬁder-;otor
performance 1s classified, thrust and acceleration data during Sidewinder
boost have been removed from the computer printouts and placed in the
classified Appendix B. This will permit wider distribution and more

convenient handling of this volume.

28
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2.0 VEHICLE CONFIGURATIONAL DATA AND ANALYSIS |

The Sidewinder-Arcas is a two-stage unguided rolliné fin-stabilized
sounding rocket used to place small payloads to altitudes in excess of
60 n. miles. A sketch of the vehicle is presented in figure 2;1;~énd |
the mission sequence is indicated in Figure 2-2. The four fins at the
base of both the Sidewinder and Arcas stages provide the required aero-
dynamic stability during atmospheric flight. The Sidewinder fins are
nominally set at zero cant éngle. The Arcas fins are preset to a cant
angle sufficient to induce a high spin rate during second stage flight.
This spin rate provides additional stability and also reduces the effecté
of vehicle and thrust misalignments on dispersion.

In this section the configurational data used in the trajectory
simulations are presented.

2.1 Aerodynamic Data and Analysis

A portion of the aerodynamic coefficients reduired for ﬁhe
Sidewinder-Arcas analysis were supplied by NASA-LRC, and the remainder
were calculated by MSD as a specific task in the analysis. The task
consisted of determining the zero-1lift drag coefficients, roll damping
derivatives, and rolling moment derivatives as a function of Mach
number for both first and second stage operation.

In developing the zero-lift drag coefficients, the fin drag
contribution was estimated using the methods and data from Réference 1,
and the wave drag of £he nose is based on date from Referaence 1 and
unpublished design curves, The body skin friction drag was predicted
using the Prandtl-3chlichting equations with correction by Fckerts'
reference tempernture method. The drag contributions due to steps and
protuberances were estimated using References 2 and 3. Bnse drng was

estimated using the obase pressure of a cylindrical afterbody.
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The roll damping deriyatives and rolling momer.t derivatives were
calculated_using the methods of,Referénce 4, The fin-alone normal force
~derivatives were derived, from Reference 1, subersonic-linearized theory,
and unpublished design‘ﬁurv?é. The winé-body-tail intérferepce and down-
wash factérs were calculated u;ing Reference 5, as was recommended in
Reference b,

VIn the development of the aerodynamic data, it was found that the
canted Arcas fins create a downwash on the Sidewinder fins; this has a
significant effect on the total vehicie roll charac¢teristics. The downwash )
almost completely cancels the effectiveness of the deflected Arcas fins in '
the subsonlc and low transonic regions. In the low supersonic region, the
downwash effect is greater and creates a roll reversal.

2.1.1 Nominal Vehicle Aerodynamic Coefficients

The aerodynamic coefficients for the Sidewinder/Arcas/payload con-
figuration, shown in Figure 2-1, are presented in Table 2-1 and in Figures
-3, 2.4, 2.7, 2-8 and 2-9. These coefficients are applicable for the entim
vehicle and are representative of the véﬁicle's characteristics through first
stage (8idewinder) flight. The a%iél force coefficient, CAo’ rolling moment
derivative, C18 , and the roll d%mping derivative, Clp, were calcu}ated by MSD
as a part of this analysis and are plotted in Figures 2-3 and 2-4. The re-
maining derivatives vere.supplied by NASA-LRC in unpuﬂlished form,

Tre aerodynamic coefficienﬁs for the Arcas/payload configuration given
In Table 2-2 and in Fipures 2-5, 2-6, 2-7, 2-8, and 2-9 represent the vehicle's
characteristics following sepakétion of the Sidewinder booster stage. Axial
force coefficients are presented for Arcas powered flight and for coasting
flight, both before and after Arcas powered flight. As in the cage of

the total vehicle configuration, CAO‘, C18 , and Clp were determined

-r

-



0-80801

LING-TEMCO -VOUGHT, INC.
REPORT NO. 00,1084

. PAGENRO. §
by MSD and the remainder of the coefficients were suppiied'ﬁy NASA-LRC.in
uﬁpublished form., |

Since the cohpletion of the results documented in this report, the
NASA-LRC supplied aerodynamic data (CNa , Cmc!anACmq) have been_updated by
NASA-LRC to reflect-recent refinements in their computer program for genera-
ting slender-body aerodynamic characteristics. Howevef, tﬁe changes in the
aforementioned data are small (less than 10%), and it has been determined
by NASA-LRC that the éffects of these data changes on the ﬁerformance
characteristics presented in this document are negligible. The updated
aerodynamic data are to be documentel in a future NASA-LRC rerport.

Axial force coefficients for both the Sidewinder and Arcas spent
booster stages are presentea in Table 2-3 and Figure 2-10. These data were
used in computing trajectories to impact for the Sidewinder after separation

from the Arcas and for the Arcas after separation from the nosecone.

2.1.2 Dispersion Analysis Aerodynamic Coefficlents

2.1.2.1 Sidewinder Fin Misallgnment

Aerodynamic coefficients for vehicle and fin misalignments were re-
quired for the impact dispersion analysis., Sidewinder fin misalignment was
considered likely in three distinct modes: 1) fins misaligned in a manner
to alter the nominal roll rate, 2) two fins mds#ligned to produce s pitching
moment, and 3) two fins misaligned so that a.yawingvmoment is produced, These
modes represent extremes since in the most pr6£able case the fins would not
be misaligned the same amount in the sémé direction.

The rolling moment derivative, ng 8,'f;r the Sidewinder fin roll
misalignment case was calculated by MSD and %? presented in Table 2-4,”

The rolling moment coefficient for the totaf»veﬁigle is determined by
adding the effect of the Sidewinder fin misalignmen£ éo the nominal

Arcas fin rolling moment coefficient. The rblling moment coefficient
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for the vehicle, Cj, as given in Table 2-4, is the sum of the Sideﬁinder
rolling moment derivative,(}Las, multiplied by a fin misalignmegt of
0.1 degree and the Arcas rolling moment derivative from Table 2-1,
C1 3 multipled by a2 nominsl fin eant angle of 0,35 dégree. Sincé the
contribution of the misaligned Sidewinder fins is more than five iiﬁes
larger than the contribution of the canted Arcas fins, the magnitude of
the vehicle roll rate for the dispersion trajectory will be increased
over the nominal case whether the two effects are added or subtracted,
and the direction depends on the direction of the Sidewinder fin misalignment.
For the two remsining possibilities of Sidewinder fin misalignment,
moment coefficients are glven in Table 2-5, These coefficients, which
are applicable to both pitch and yaw cases, were obtained by converting
the fin deflection pitching moment, Cm8 » and normal force, CN8 ’
derivatives into a moment about the center of gravity. The fin deflection
derivatives were supplied by NASA-LRC in unpubiished, fornm.

2,1.2.2 Arcas Fin Misalignment

For Arcas fin misalignment, the same thres possibilities éxist
that were ~nalyzed for the Sidewinder fin misalignment. The roli
misalipgnment case, however, can be handled by using tlie rolling moment
derivative, ClB » in Table 2-2, The misaligmment angle can be either“
added or subtracted to the nominal cant angle, and the roll rate for
the dispersion trajectory will be inereased or decreased accordingly.

Moment coefficients for Arcse fin misalignment producing pitch or
yaw moments are given in Table 2-6. The left part of Teble 2-6 was
used for first stape flight, and the right part, for second stoge
flight. The moment coefficients, which are applicahle in eithor the
piteh or yaw direction, wore obtalned by convertirgfin deflection

derivatives supplied by NASA-LRC into moment coefficients about the
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center of gravity. -

2,1.2.3 GStage Misalifpnment

To determine the effects on impéct points of nisalignments at the
.rjoints‘of the vehicle, normal force and momeﬁt coefficients were supplied
by NASA-LRC. These moment coefficlents were trensferred to the center of
gravity and are given in Table 2-7 for a 0.25 degree misalignment a£
the Sidewinder/Arcas joint and in Table 2-8 for a 0,275 degree nisalign-
nment at the Arcas/payload joint. The left part of Table 2-8 was used for
first stage flight, and the right part, for second stage flight.

2.2 I'ropulsion Data

Propulsion data in the form of vacuum thrust and propellant weight

thrust is classified, the thrust and propellant weight data for this motor
are contained in Appendix B. The data as received from NASA-LRC were in
the form of ses lovel thrust. Since the NEMAR computer progran (Reference
(6)) requires vacuum thrust, the LRC déta were modified by édding the
product of sea level atmospheric pressure and exit area to the thrust
value for each time point, except ignition and burnout.

2.3 deight, Center of Gravity, and Moment of Inertia Datn

Jeight, center of gravity,land moment of lnertia data are presented
in Trbles 2-10, 2-11, and 2-12 for the 12, 14, and 16 pound payloads, |
respectively. These data are given as a function of time during powered
flight. The pitch moment of ine;tia, as supplied by IRC, was referenced
to the aft end of each configupation. The inertias were transferred to
a conter of gravity referencd to comply with the NEMAK computer program
input requirements.

' remaining are glven in Table 2- 9 for the Arcas motor. J3ince the Sidewinder

o
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TABLE 2-1

AERODYNAMIC COEFFICIENTS FOR THE SIDEWINDER/ARCAS/PAYLOAD CONFIGURATION

166060

MACH Ca c c MACH Cy Cm Cn

NO. o | 1/aed. | 1/aBe. X0. | 1/rad. 1/rad. 1 et
0 0.1073 | 0.00154 | =-0.0329 0 5.01 16.21 |- =247.49
0.2 0.1082 | 0.0013, | -0.0329 C.2 5.02 16.31 |- 2464
0.4 0.1096 | 0.00115 | -0.0330 0.4 5.07 16.45 | .-249.64
0.6 & 0.1130 | 0.0009, | -0.0332 0.6 5.09 16.67 | -251.82
0.8 031189 | 0.00074 | -0.0335 0.8 5.25 17.19 —257.88
0.9 0.1236 - | 0.00059 + --0,0338 1.0 5.50 17.97 . -268.79
1.0 0.13.2 | 0.00037 | -0.0355 1.2 5.80 19.09 -281.55
1.1 0.1303 | 0.00006 | -0.0388 1.4 6.10 20.31 -303.27
1.2 0.1303 | -0.00039 | -0.0414 1.6 6.10 20.31 -305.23
1.3 0.1301 | -0.00082 | -0.0436
1.4 0.1382 | -0.00069 | -0.0452
1.5 0.1372 | -0.00045 | =0.0461
2.0 0.1301 | 0.00069 | -0.0446

NOTE: Reference area = 1 ft<
Reference length = 1 ft.
Moment reference 1s the aft end of the Sidewinder
4 Arcas fins deflected for 018
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TABLE 2-2
AERODYNAMIC COEFFICIENTS FOR THE ARCAS/PAYLOAD CONFIGURATION
MACH C Cho Clg MACH Cig Cmg TmQ REF
NO. coﬁgr THRUST 1/deg. l[geg. NO. l/rad. l/rad. 1/rad. -
Z
1.0 0.06073 | 0.05698 | 0.00538 | -0.00427 1.2 2.31 2.78 -27.89 o
1.2 0.06073 | 0.05698 | 0.00770 | -0.00566 1.4 2.10 2.70 -27.73 z
1.4 0.05786 | 0.05444 | 0.00778 | -0.00574 2.0 1.71 2.48 ~25.94,. 8
2.0 0.04991 | 0.04726 | 0.00712 | -0.00525 2.5 1.48 2.60 -28.43 <
3.0 | 0.03898 | 0.03732 | 0.00567 | -0.00419 3.0 1.34 2.74 ~31.02 g
4.0 0,03191. | 0.03070 | 0.00443 | -0.00328 3.5 1.21 2.81 -32.28 T
5.0 0.02705 | 0.02628 | 0.00360 | -0.00268 4.0 1.26 2.82 ~32.11 gl
M _ 4.5 1.2, 2,77 _=31.67 &
- ) 1 .O 1024— 2.77 -31035

16606-0

N

ik o

NOTE: Reference area = 1 ft2
Reference length = 1 ft.
Moment reference is the aft end of the Arcas
<4 frecas fins deflected for 018

6 ON 39Vd
fTQO'[fOO, "ON .LHO‘dB!A-
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TABLE 2-3

SPENT STAGE DRAG COEFF ICIENTS

c

MACH Cao - Cao
NO, SIDEWINDER _~ ARCAS
0 0.155 0.117 7
0.4 0.158 0.129 .
0.6 0.161 0.132
0.8 0.165 0.148
1.0 0.183 0.163
1.2 0.190 0.163
1.4 0,196 0.183
1.6 0.201 0.187
1.8 0,201 0.188
2,0 0.201 0.190
2.2 - 0.199
2.4 - 0.202

NOTE: Angle of attack = O
Reference area = 1 ft2
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ROLLING MOMENT CORFrIZI. i vOR SIDEJINDER

FIN MISALIZNMRNT

MACH Cig C1
NO. 1/d3¢, B

0 0.0290 0,00344
0.2 0.0291 0.00338
0.4 0.029/4 0,00334
0.6 0.0298 0.00331
0.8 0.0303 0.00329
0.9 0,0307 0.00328
1.0 0.0321 0.0033.
1.1 0.0360 0.00326
1.2 0.0391 0,00377
1.3 0,0413 0.00384
1.4 0.0426 0.00402
1.5 0.0430 0.00414
2.0 0.0405 0.003281

NOTE: C) = Gy XS‘»+0183 xOsg

where Cl
8

On

“15

Oe

[}

total rolling moment derivative (Table 2-1)

Arcas fin cant angle per fin (4 fins deflected),
0.35 degrees.

Sidewinder rolliug moment derivative,

Sidewinder fir =isalignment angle per fin
(4 fins deflected), 0.10 degrees
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TABLE 2-5

MOMENT COETFICISNTS FOR SIDE:IWIND.;‘R FIN
MISALIGNMENT, PITCH AND YAW CASES

MACH . | };?m * Cra Cp» Cp **
NO, 1 r?d. ‘1/rad. ' '
0 1.80 2.43 -0,0220
0.2 1.80 2.43 -0.0225
0.4 1.81 2.44, -0,0229
0.6 1.81 2.44 -0.0234
0.8 1.84 2.48 -0.0242
0.9 1,88 2.54 -0.0250
1.0 1.92 2.60 -0.0258
1,1 1.95 2.64 -0.0264,
1.2 1.98 2,68 -0.,0270
1.3 2.04 2.74 -0.0279
1.4 2,08 2,81 -0.0291
1.5 2.08 2.81 -0.0302
2,0 2.08 2.81 -0.0302

Reference Area = 1 £t2

* Referenced to aft end of Sidewinder
#* Referenced to instantaneous center of gravity

i . lcg 85
C, = - ONe | —————
m C’“S 8 \ 4 180/11
log = instantateous center of gravity location

d = reference length = 1 ft.

85 = Sidewinder fin misalignment = 0.1 deg.

" PAGE NO. 12
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TABLE 2-6

MOMENT COEFFICIENTS FOR ARCAS FIN MISALIGNMENT, PITCH AND YAW CASES

SIDEWINDER/ARCAS/PAYLOAD ARCAS/PAYLOAD
CONFIGURAT ION CONFIGURATION

MACH b Ca Cps Cp** MACH <§? ® c o C_, C % c
No. o 128 o, NO. Vi 1/78., ne 5
— - !
- - m :
0 5.95 - 0.87% - 0.001376 0 0.643 0.87 ~-0.00363 3 .
0.2 5.96 0.87 0.001235 1.0 | 0.757 1.02 ~0.00426 2 %
0.4 6.17 0.90 0.001143 1,2 | 0.906 1.22 -0.00509 e 2
0.6 6.22 0.91 0.000968 1.4 0.880 1.19 .=0.00523 g ¥

0.8 6.45 094 _ 0.000884 2.0 0.737 1.00 | =0.00483 -
1.0 7.01 1.02 0.000805 4.0 0.439 0.59 -0.00306 o R 3
1.1 7.69 1.12 0.000770 5.0 0.415 0.57 -0.00280 |. . .k
1.2 8.38 1.22 0.000743 ' ‘ é
1.3 8.27 1.21 0.000534 ' | . . :
1.5 8.15 1.20 -0.000212 3
2.0 8.15 1.20 -0.000212 ;
2 :
* Referenced to base of stage 2 [
*% Referenced to center of gravity “ 2 ;
s & :
: " ' X

Cp, equation given in Teble 2-5 s 8

: — '
_ Reference length = 1.0 ft. w % ;
‘ 3
Reference area = 1.0 £t° ;
i‘
é
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TABLE 2-7

MOMENT COEFFICIENTS FOR SIDEWINDER/ARCAS
. MISALIGNMENT, PITCH AND YAW CASES !

qm¢qb

MACH

NO.
0 0.0146
0.2 0.0140
0.4 0.0135
0.6 0.0129
0.8 0.0123
0.9 0.0116
1.0 0.0118
1.1 0.0118
1.2 0.0114
1.3 0.0107
1.4 0.0100
1.5 0.0083
2.0 0.0083

NOTE: Referenced to center of gravity
0.25 deg. Joint misalignment at station 78.485
Reference length = 1.0 £t
1 1

Reference Area = 1.0 £t




TABLE 2-8

MOMENT COSFFICIZNTS FOR ARCAS/FAYLOAD MISALIGNMENT, PITCH AND YAW CASES

SIDEWINDER/ARCAS/P AYLOAD ARCAS/PAYLOAD
CONFIGURATION CONF IGURATION
MACH -
. S "x. 9

0 0.0205 0 0.00588
1.0 0.00588

2.0 0.0205 1.2 0.00588
1.4 0.00569
2.0 0.00482 )
3.0 0.00583
4.0 0.00561
5.0 0.00568

NOTE: Referenced to instantaneous center of gravity.during boost
0.375 deg. Joint misalignment at station 151.448
Reference length = 1.0 ft.

Reference area = 1.0 ft2

GT on 39vd

780T°00 00N Lt;OdB;i

168080
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TABLE 2-9

ARCAS THRUST AND PROPELLANT WEIGHT

TIME SEA LEVEL VACUUM PROPELLANT
THRUST THRUST WEIGHT REMAINING
1b 1b ' 1b
0.0 0 o} - 43.102
0.1 200 237 42,958
0.3 225 262 42,671
0.5 242 279 42,384
1.0 254 291 41.665
1.5 2kg 286 40.947
2.0 286 323 L2.229
2.k 305 3k2 _ 39.654
3.0 316 353 38.792
L.,0 336 373 . 37.355
5.0 3ko 377 35.904
6.0 3k4s 382 34,482
7.0 348 385 33,045
8.0 357 39k 31.608
9.0 362 399 A 30.172
10.0 358 395 _ 28.747
15.0 352 389 21.551
20.0 330 367 14.353
22.0 18 355 11.495°
2k,0 316 353 8.621°
26.0 314 351 5.748
27.0 312 349 4,311
7.5 296 333 3.592,
28.0 242 279 , 2.87k
28.5 161 189 2.155
29.0 67 10k 1.438
30.0 o} 0 0

2
Nozzle Exit Area = 2.55 in
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TABLE 2-10

JEIGHT, CENTER OF GRAVITY, AND MOMENTS OF INERTIA
FOR 12-POUND PAYLOAD*

| PITCH ROLL CEATER OF
EVE! TIME WEIGHT INERT INERTIA GRAVITY
sec 1b slug-f1<(4) slug-ft2 £t (B)
Sidewinder Ignition 0 173.891 84.677 0.263552 5.9326
' 1.0 155.888 78.164 0.249671 | 6.2680 =
: 1.4 148.687 75.199 0.244119 6.4249 o
: 1.8 141.486 71.98/ 0.238560 6.5978 -
g 2.2 134.285 - 68.479 0.233015 | 6.7892 &
{ Sidewinder Burnout 2.4 130.68% - 66,608 0.230238 6.8928 é
3 o
) Coast 2.4 80.843 | 8.570 0.0563262 3.00642 E
5.0 80.843 8.570 0.0563262 3.09642 z
Arcas Ignition 5.0 80.693 8.520 0.0563257 3.10175
10.0 73.495 7.3l 0.0530591 3.31958
15.0 66.338 6.561 0.0498116 3.50358
f 20.0 59.142 6.205 - 0.0455452 3.64375
| 25.0 51.944 6.106 0.0432789 3.72025
30.0 4,789 6.088 0.0400317 3.70350
Areas Burnout 35.0 37.591 5.869 0.0367650 3.53875

i Il.08 : :
* Of this 12-pound payload, -£:2 pounds are separated at apogee, '

(A) Avout center of gravity. '

(B) From aft end of each stage.

LT 'ON 39Vd
HB0T*CO-oN LuoaaY

et e
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TABLE 2-11

WEIGHT, CENTER OF GRAVITY, AND MOMENTS OF INERTIA
FOR 14-FOUND PAYIOAD *

PITCH ROLL CENTER OF
EVENT TIME WEIGHT - INERTIA INERTIA GRAVITY
sec 1b s8lug-ft<(A) slug-ft2 ft (B)
Sidewinder Ignition 0 175.891 87.678 0.264032 6.0121
1.0 157.888 80.881 0.250151 6.3523
-— 1.4 150,687 77.788 0.244599 6.5111
: _1.8 143.486 T4 434 0.239040 6.6861
2.2~ - 136.285 70,782 0.233495 6.8792
Sidewinder Burnout 2.4 132,68 68.833 0.230718 6.9837
Coast 2.4 82.843 9.291 0.0568062 3.33261
5.0 82.843 , 9.291 ' 0.0568062 3.33361
Arcas Ignition 5.0 82.693 9.240 0.0568057 3.33924
10.0 75.495 7.956 0.0535391 3.57394
15.0 68.338 T3 0.0502916 3,77919
20.C 61.142 6.74L8 0.0470252 3.94722 -
25,0 53.944 6.636 0.0437589 4,.06137
30.0 - 4L6.789 6.638 0.0405117 4.09750
Arcas Burnout 35.0 139.591 6.494 © 0.0372450 4.01271

* Of this 1ll-pound payload, 8.2 pounds are separated at apogee.
(A) About center of gravity.
(B) From aft end of each stage.

Qr'ouasv4,
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TABLE 2.12

WEIGHT, CENTER OF GRAVITY, AND MOMENTS OF INERTIA

FOR_16-FOUND PAYLOAD™

PITCH ROLL CENTER OF
EVENT TIME WEIGHT INERTIA INERTTA GRAVITY
sec 1b slug—£t2(A) slug-ft? £t (B)
Sidewinder Ignition 0 177.891 90.615 0.264512 6.0897
. 1.0 159.888 83.532, 0.250631 6.4344,
1.4 152,687 80.311 0.245079 6.5051
1.8 145,486 76.822 0.239520 6.7717
2.2 138.285 73.022 0.233975 6.9666
Sidewinder Burnout 2.4 134,684 70.996 0.231198 7.0718
Const ~ 2.4 84.843 10.126 © 0.0572862 |  3.55961
5.0 84,.843 10.126 0.0572862 | 3.55961
ireas Ignition 5.0 84,..693 10.072 0.0572857 | 3.56551
‘ . 10.0 77.495 8.725 0.0540191 | - 3.81517 -
15.0 70.338 7.870 0.0507716 | 4.03913
20.0 63.142 7.458 0.0475052 |  4.23146
25.0 55 . 944 7.357 0.0442389 |  4.37810
30.0 48.789 7.413 0.0409917 | 4.45920
Arces Burnout 35.0 41.591 7.389 0.0377250 |  4.44108

* Of this 16-pound payload, 10.2 pounds are separated at apogee.

(A) Apout center of gravity.

(3) From aft end of each stage.

6T -on 3ovd
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FIGURE 2-1
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FIGURE 2-2
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80° Launch "
Elevation Angle

REPORT NO. 00,1084
PAGE NO. 21

Apogee,
Nosecone Separation

_\and Parachute Deployment

Telemetry of
Atmospheric Data
During Descent
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3.0 VEHICLE PERFORMANCE

3.1 Mission Description

- The Sidewinder-Arcas vehicle is launched from'g rail-type launcher
which is preset for the dééired launch azinuth andvlaunch elevation angles.
After a burning time of 2.4 secohds, the booster drag-separates from the
second stage. Ignition of the second stage is timed to occur 5 seconds after
liftoff; the nominal second stage burning time is 30 seconds. The vehicle then
coasts to aporee where the nosecone is separated and is parachuted to the
surface. The mission sequence is indicated in Figure 2-2,

The vehicle 1is to be launched from the Nike-Ajax area at Wellops
Island. The FP3-16 and FPG-6 radars are used for tracking tﬁe vehicle and
the payload., Geographic locations and altitudes for the launch site and the
tracking radars are given in Table 3-1.

3.2 Method of Trajectory Computation

The MSD Near Earth Mission Analysis Routine (NEMAR) was used to
calculate the Sidewinder-Arcas tréjectories. NEMAR, described in Reference 6,
has the capability of simulatin% a vehicle either as = poiﬁt mass or a six
degree-of -freedom rigid body. The atmosphere model is the U, S.Standard
Atmosphere, 1962, and an oblate, rotating earth model is used, i

To calculate the Sidewinder-Arcas powered flight trajectories
accurately, the six degree-of—f?eedom rigid-body simulation was used. The
vehicle's motion along the launch rail was integrated to determine the
vehicle velocity and time of Tlight at the end of the launch rail, These
values were then used as stért conditions for the six degree-of -freedom

computation. The conditions at the end of the launch rail for all combinations

of paylond weight and. launch elevation angle are given in Table 3-2.

~
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Since the vehicle attains an altitude of about 35,000 feet =t second
stage burnout, the trajectory simulation was changed to the point-mass

constant inertial attitude similation at this point. By using a point-

"mass simulation, a large amount of computer time is saved with negligible

error since the atmosphere effects on the trajectory are slight above the
Arcas burnout altitude. |

Trajectories for the spent Sidewinder and Arcas motor cases were
calculated with a poiﬁt-mass simulation. The angle of attack was held to
zero for the spent stage trajectories since drag data was provided only |
for this case.

Radar tracking parameters including slant rangé, slant range rate,
azimuth, azimuth rate, ele;ation, elevation rate, and ground range were
calculated for both radar sites. These radar data were computed for all
trajectories up to apogee. In addition, radar data were computed for
the Arcas spent stage trajectory from apogee to impact for a launch
elevation angle of 80 degrees and a payload weight of 12 pounds.

3.2 Nominal Trajectory

The nominal trajectory for this study is based on a 12-pound payload
weight and an 80-degree launch elevation angle. Trajectories for tbg
other combinations of launch elevation angle and'payload weight are dis-
cussed in Section 3.5.4, A computer printout of the nominal trajectory,
including radar tracking data, is enclosed in;Appendix A; the thrust and
acceleration values during Sidewinder ﬁobst have beeﬁ removed and placed
in Appendix B since Sidewlinder thrust 1s;c1assified.

For the nominal trajectory, Figure 3-1 ghéws time histories of

’

[}
altitude, velocity, and range, and Figure 3-2 shows flight path angle,
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dynamic pressure, and Mach number. The'descent portions of these histories
are based on the Arcas spent stage'wiéh the noseconerbeing Jettisoned at
apogee. The ground track of the nominal trajecﬁory‘is plotted on a map in
Figure 3-3. Also indicated is the Arcas spent stage impact area which will
be discussed in Section 4,0. An altitude-range trajectpry profile for the
nominal trajectory is given in Figure 3-4., The Sidewinder and Arcas spent
stage trajectories are shown. -

3.4 Additional Trajectory Data

In addition to the nomdnai, trajectories were calculated for other
combinations of launch elevation angle and payload weight. Computer print-
outs of these additional t;ajectories are available at NASA-LRC. Altitude-
range profiles for these trajectories are plotted in Figures 3-5, 3-6, and
3-7 for the 12, 14, and 16-pound payloads, respectively. Each figure glves
plots for 75, 80, and 85-degree launch elevation angles. The descent portions
of these profiles are based on the Arcas spent stage.

Maximum dynamic pressure is shown in Figure 3-8 for first stage flight
and in Figure 3-9 for second stage. In each figure, data are given for
12, 14, and 16-pound payloads as functions of launch elevation angle.

' Apogee altitude is plotted in Figure 3-10 as a function of payload
weight and in Figure 3-11 as a function of launch elevation angle. Data
are presented for the three launch elevation;angles in Figure 3-10 and
for the three payload weights in Figure 3-11:

Sidewlnder impact range is shown.in Figure‘3-12 as a function of pay=-
load welght. Curves are presented for iaunphielevation angles of 75, 80,
and 85 degrees. Figure 3-12 shows that thf.impact‘range for each I&ugch eleva-
tion angle is almost constant over the range ;f payload welghts considered,

ATl =Y T S,
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Arcas impact range is presented in Figure 3-13 for ﬁhe tﬁ:ee launch
elevaiion angles as a function of payload weight and in'Figure,3-1h for
the three payload weights as a function of laﬁnch elevaiion aﬁélé;'

Time from lift-off to apogee and impact of the Arcas spent stage
for the three payload welghts are shown as a function of launch elevation

angle in Figures 3-15 and 3-16.
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TABLE 3-1

LAUNCH STITZ AND TRACKING RADAR LOCATION

LAUNCH SITE LOCATION
Latitude = 37.837987 deg. N. (geodetic)
Longitude = 75.482895 deg. W.
Altitude = 8,0 ft.

TRACKING RADAR FPS-16 LOCATION
Latitude = 37.841308 deg. N. (geodetic)
Longitude = 75.485094 deg. W.
Altitude = 52,73 ft.

TRACKING RADAR FPQ-6 LOCATION
Latitude = 37.860229 deg. N. (geodetic)
Longitude = 75,509309 deg. W. ‘
Altitude = 61.18 ft.

o Pl o X E i

REPORT No. 00,108/
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CONDITIONS AT END OF TAUNCH RAIL
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LAUNCH ELEVATION PAYLOAD
ANGLE WEIGHT TDE VELOCITY ALTITUDE
deg 1b sec ft/sec ft
75 12 0.189 118.1 17.63
75 1 0,190 | 117.4 17.63
75 16 0.191 116.8 17.63
80 12 0.189 | 118.0 17.85
80 14 0.190 117.3 17.85
80 16 0.191 116.7 17.85
85 12 0.189 117.9 17.97
85 14 0.190 | 117.2 17,97
85 16 0.191 116.6 17.97
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4.0 IMPACT DISPERSION ANALYSIS '

A major reguirement for mission planning and flight safety c;nsiderﬁ—
tions is to kﬁow the expected impact dispersions for the spent Sooééér
stages. This section presents the results of sn impact disperséon analysis
‘conducted on both the Sidewinder and Arcas stages. Vehicle, launcher, and
envirommental factors which can produce deviations in the trajectory were
considered. The magnitudes of these factors are unknown before lsunch and
therefore cannot be compensated for by a simple launchér correction,

The sources of error considered in this study include prediction
inaccuracies in such parameters &s motor thrust and aerodynamic coeffi-
cients; parameters which are difficult to measure accurately, such as
launcher settings; and factors which change during the time between measure-
ment and launch, such as winds. The purpose of this study was to determine
the impact dispersion areas in which the normally functioning Sidewinder
and Arcas stages will fall. v

4,1 Method of Calculation

To determine the deviations in the Sidewindef and Arcas spent stage
impact locations, the error sources were introduced individually into the
nominal trajectory. The resulting impact locations were then compared with
the nominal. For the Sidewinder, a rectangular coordinate system, ;ith the
x axis oriented along the launch azimuth in a plane tangent to the earth at
the launch site, and y and z axes to the right and up, respectively, was used
to determine impact dispersion. For each error source the deviations in im-
pact point location from the nominal in terms of x and y were calculated and
assumed to be downrange and crossrange deviations, respectively. These devia-
tions, in x and y, were then root-sum-squared to obtain total expected com-

ponents of downrange and crossrange dispersion. The errors resulting from

measurement in thie coordinate system rather than along the curved surface
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of the earth are negligible since the total impact range is only 5,600 feet.

For the Arcas impact location, the latitude and longitude coordinates of
- the impact point were used to detérmihe the downrange and crossrange deviations

from the nominal impact point location. The downrange direction is defined as
being along a line passing thfough the nominal impact'point location at an
azimuth of 100 degrees. The crossrange direction is normal to the downrange
line. The downrange and crossrange deviations from nominal were each root-
sum-squared to obtain the semi-major and semi-minor axes of the Arcas ellip-
Ytical impact area.

Trajectories for certain error sources were calculated with a poiht
mass simulation, and the deviations were compared to a nominal point-
mass trajectory. These error sources include launch elevation angle,
launch azimuth, Sidewinder thrust, Arcas thrust, drag during Sidewinder
boost and spent stage flight, drag during Arcas boost, coast, énd spent
stage flight, Arcas burnout weight, and Arcas ignition delay. Trajectories
for the remaining orror sources were calculated with a six degree~of-freedom
spinning simulation, and the resulting deviations were comﬁared to the
nominnl six degree-of-freedom spinning trajectory. |

§

4.2 Results \
The results of the dispersio? analysis are given in Table 4-1. The
individual error sources and magnitudes, which were'supplied by NASA-LRC,
are indicated along with their effects on the Sidewinder and Arcas spent
stage impact locations. The deviaiions in the uprange and downrange direc-
tions were assumed to be equal. #Also indicated are the root-sum-scuare

values of the Sidewinder and Aﬂcns downrange nnd crossrange deviations.

The magnitudes of the error sources nre three sigma values. When the

e i g S Gt A S 3 B I s e S i N e
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root-sum-squares of the deviations are represented by a tﬁo-dimensional
downrange and crossrange normal distribution, the probability level is 98.9
percent. The root-sum-square val;es are 1128 feet downrange and. 1054 feet |
crossrange for the Sidewinder and 15.43 ﬁautical miles downrange and 15.62
nautical miles crossrange for the Arcas. These deviations are plotted as

elliptical impact areas in Figure 4-1. In addition, the Arcas impact area

is plotted on the map in Figure 3-2,

fﬁ
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SIDEWIIDZR-ARCAS
DISPERSION ANALYSIS SULIMARY

30 DEVIATIONS AT IMPACT

ERROR SOURCE AND 36 MAGNITUDE _SPaNT. ' RS) SO U
‘ SIDLWINDER MOTOR “ARCAS MOTCR
DOWN CROS3 DOWN CROSS
RANGE RANGE RANGE = RANGE
ft ft n.mi, n.mi,
I LAUNCH CONDITICN ERRORS
0.25° Launch Azimuth 0 25 0.01 0.30
0.25° Launch Elevation Angle 121 0 1.50 . 0.04
I /10 ft/sec Uncompensated Crosswind 1 728 0.22 12.16
_A0 ft/sec Uncompensated Range Wind 734 10 10,62 0.2/
PROPULSION ERRORS
I 5% Sidewinder Thrust 158 2 1.60 0.11
34 Areas Thrust - - 4,67 0.27
0.19 Sidewinder Thrust Misalign., Fiteh 698 23 8.08 0.01
l 0.1° sidewinder Thrust Misalign., Yaw 11 723 0.27 9.17
0.1° Arcas Thrust Misalign., Pitch - - 0.36 0.03
0.1° Arcas Thrust Misalign., Yaw - - 0.03 0.36
I AZRODYNAMIC UNCERTAINTIZS
10% Drag, Sidewinder Boost and Spent Stage Flt. 395 8 0.20 0.01
I 105 Drag, Arcas Coast, Boost, and Spent Stg. Flt.- - 4.16 0.23
VZHICLE AND FIN MIGALIGMNMENTS
II U.25% Gidewinder/Arcas Vehicle Misalign., Pitch 75 6 1.04 0.44
0.25° Sidewinder/Arcas Vehicle Misalign., Yaw 6 75 0.44 1.04
] 0.375° firecas/iaylond Misalign., Fitch 132 11 2.1 0.13
: 0.375° Arcas/taylond Misalign., Yaw 10 142 0.02 2.36
0.19 Sidewinder 7in Misalign., l'itch 165 15 2,06 0.22
0.1° Sidewinder Fin }dsalign., Yaw 13 178 0.15° 2.13
0.1° Arcas Fin }isalign., Roll 0] 0] 0.01 0.00
0.1° Arcas Fin Misalign., Fitch 5 1 0.09 0.41
0.1° Arcas Fin Misalign., Yaw 0 5 0.1¢9 0.24
I AEIGHT AND SEQUENCING ERRORS
1 1b. Arcas Burnout Jeight 16 0 2.10 0.12
l 0.5 sec. Arcns Igrition Delay - - 1.08 0.03
l ROQT SUlY SQUARS 1128 1054 15.43 15.62
|
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5.0 WIND COMPENSATION ANAL?SIS
The wind compensation method used for the 3idewinder-Arcas is similar
to that used fof the Nike-Tomahawk in Reference 7. Basically, the method
consists of determining the wind weighting function, the unit wind effects,
and the r~nge derivative for the vehicle and then using an iterative pro-
cedure to calculste launch azimuth and laﬁnch elevation angle adjustments
that will maintain the Arcas nominal impact locéfion. The wind compen-
sation an2lysis for the Sidewinder-Arcas was'bnsed on'the‘nominalrtrn—
jectory having an 80-degree launch elevation angle and a 12-pound payload.

5.1 Wind Weighting Function

The wind weighting function depicts the sensitivity of a2 given rocke£
vehicle to wind a8 a function of altitude. The function is a ratio of
the displacement due to a uniform wind existing between the ground level
and some altitude Z to the displacemeht due to a uniform wind from the
ground level to 100000 feet. In equation form,
Impact displacement due to a uniférm wind from
£(z2) = -h=0 to h=2 (1)

Impact displacement due to a uniform wind from
=C to h=100000 ft.

1
The effect of a wind layer existing between altitudes h; and hy can be

expressed as Af(z) = £(2,) - £(2,) where £(Z3) is wind weighting funé-
tion between O and altitude hp and f(Zl) between 0 and altitude hl-"

The wind weighting function points calqulated for the Sidewinder-
Arcas vehicle are given in Table 5-1 and plopied }n Figure 5-1 for é pay-
load weight of 12 pounds. The function was checked and was found to be
applicable to all launch elevation angles between 75 and 85 degrees,
According to Reference 7, the function is aéplicnble for the range of .pay- .

,

load welghts considered. o 1
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52 Unit Wind Effects

To use the wind weighting function for other launch elevation angles and
for winds from any direction, the unit wind effects are determined;' Trajectories
were calculated with a 1 foot-per-second wind existing ﬁetween altitgﬁes of 0 and
100000 feet. The displacement of the impact point due to this wind is called the
unit wind effect. Wind directions along and normal to the 100-degree launch
azimuth were used to determine the range wind and cross wind effects. Variations
in unit wind effects due to changing the launch elevation angle were also deter-
mined., These effects are plotted in Figure 5-2 for a 12-pound payload. Downrange
and crossrange are assumed to be the devigtions from the nominal impact
location, due to wind, as measured in the x-y-z coordinate system used for
the Sidewinder impact dispersion. This makes the determination of dowmrange
and crossrange simpler since these data are available for each of the trajec-
tories. The accuracy of the results is not affected since the true downrange
and crossrange dispersions are not required,

53 Range Derivative

The range derivative is used in wind éompensation to correct the impact
point in an uprange or downrange direction by adjusting the launch elevation
angle. The derivative is determined by first curve-fitting impact range as a
function of launch elevation angle. The method of least squares wasfused, and
a 8ixth order polynomial was found to be the most accurate. The poljnomial was
then differentiasted at various launch elevation angles to obtain the'range
derivative. These values are plotted in Figure 5-3 for a 12-pound payload.

5.4 Wind Compensation Example

5.4.1 Ballistic Wind Computation
A ballistic wind computation example is given in Table 5-2. The first,
second, and third columns of this table give the wind altitude layers and the

corresponding north-south and east-west wind components. The fourth column
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indicates the wind weighting function values, £(2), from Figure 5-1. The
" values given in Table 5-2 correépond to the highest altitude in each layer.
" Thus, the fifth column,’ A £(2), glves the change in wind weighting
function for each altltude iayer. To caiculaté therballistic wind, the
N £(2) values are multiplied bi each of the wind components as shown
in the A F(2) Wy and A £(2) Wy colums. The totals of these two columns
represent the components of the ballistic wind, 11.88 feet per second from
the south and 4.19 feet per second from the west. Theoretically, uniform
wind haying these components, between altitudes of 0 and 100000 feet, will
have the same effect on the Arcas spent stage impact location as the sample

wind profile given in the first three columns of Table 5-2,

5.k.2 Launch Azimuth and Launch Elevation Angle Adjustments

An iteration procedure is used in célculatihg the adjustments in
launch azimuth and launch elevation angle to compensate for variation in
Arcas impact location due to wind effects. The ballistic wind must Pirst
be resolved into components aiong and perpendicular to the launch azimuth,

The general equations for this conversion are

\ |
\\ ' : Launch
A\ Az R Direction
\ I )\’7 .
\
\W,M\ -
< ‘\ "
> \ N \
\ /y \
j Ve \ //7
///”/ \ 5;’
//// <\
// \
\
’ \
X
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WR Wy co? AZ + NE sin AZ, o (2)

we

Wy sin Az - Wy cos Ay : (3)

Positive wind components are defined as north to south, east to west,
headwind, and left to right crosé@ind. For a launch azimuth of 100 degreesi
and the ballistic wind components given in Table 5-2, the downrange and

crosarange wind components are

(-11.88) cos 100 * (-4.19) sin 100

1]

“r -2.07 ft/sec

We

]
i

(-11.88) sin 100 - (-4.19) cos 100 = -12.42 ft/sec

These. components are indicated in the sketch below.

100° Launch Azimuth

The wind effects éue to downrange and crossrangs wind components are
'
the products of the components and the'approﬁriaté values of the unit wind
effects given in Figure 5-2, For a launch eleyation angle of 80 degrees,
the crossrange unit wind effect, éﬂ: ’ 1s 7386 feet per feet per secoed,

and the downrange unit wind effect, ESR » 1876190 feet éer feet per second.
. ]

l |
|
|
|
|
K
|
|
|
|
X
X
I
|
|
|
i
1
I
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The wind effects on the impact location are therefore

R =4 8g
¢ =W O

Since positive displacements are in the opposite direction of the bositive

(-2.07)(6190) = -12813 ft. (u§ L

(-12.42)(7380) = -91660-ft. S )

wind components, the Arcas spent stage under these wind conditions will
impact 12313 feet uprange and 91660 right of nominal.

To determine the azimuth adjusfment, € , to correct for the wind
effects, a set of transformﬁ.ion eruations must be defined. If the coor-
dinate system containing the nominal azimuth plene is identified as (O"O),’.

the transformnticn to any other system (1-1) is

W =

¢ = Wc® cos € + up° sin € (6)
1

Wpt = -We® sin € + WR° cos € (7)
The azimuth correction € 1is defined as being positive in a clockwise

direction.
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In the sketch below, the relation of the nominal azimuth, the azimuth
correction, the nominal impact range,Ro, and the crossrange wind effect

are shown.
, ‘ Ry E
.Ro 6936__',_ -

Nominal Launch

AC|=R° sin€ Azimuth

From the sketch and the transformation equations s the crossrange

wind effect is

AC) =Ry sin€ = it
= Sc (wc° cos € + ‘dR° sin € )
= ‘SC wc° cosg t SCWRO sing - (8)
Then the azimuth correction is given by
tan € = SCWRO (9)
For the sample problem ‘
: y
€ = tan-1 (7380) (=12.42) = -12.240 -

407306-(7380) (~2.07)

Thus the first iteration 'on the azimuth correctibn indicates that the
launch azimuth should be

A, = 100 - 12.24 = 87.76°

To determine the launch elevation angle correction, the downrnnge
wind component for the corr!acteci launch azimuth is calculated by Equation 7.
This 1is

WRS = -(-12.42) sin (-12.24) + (-2.07) cos (-12.24)

= -L,65 ft/sec, N
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The wind effect is therefore 7

AR, =4y Opg = (~4.65)(6190) = -28784 £t (10)
Since the desired impact range is R, cos € according to the sketch above,
the range correction required is the difference between this value ~=nd the

~

sum of the nominal impact range and the wind effect. In equation form,

this is
. ORry=R cos€ - (R, + AR, ) ‘ o (1)
= (407306) cos (-12.42) - [k07306 + (-28784{].
= 19526 ft

The launch elevation angle correction is

_ JAY:! _ 19526 _ o
BO= @ T Tame % G2

where dR/dQ is the range derivative obtained from Figure 5-3 at the nominal
launch elevation angle of 80 degrees. The corrected launch elevation angle
is therefore

6 = 80 - 0.54 = 79.46°

To proceed with the second iteration, the unit wind effects must be
obtained from Figure 5-2 for & launch elevation angle of 79.46 degrees.

These are

Or
Sc

The second calculation of the azimuth correction by Equation 9 is
A\

(7315) (-12.42)

7315 ft/ft/sec . -

6000 ft/ft/sec

= 212, 1.°

€ = tan” 407306 - (7315)(-2.07)
and the corrected azimuth is therefore .,
A, = 100 - 12,14 = 87.86° I ot

y/ v
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The downrange wind component for this azimuth calculated by Equation 7 is

Wk = ~(-12.42) sin (<12.14) + (-2.07) cos (-12.14)

-4.63 ft/sec
The wind effect in the range direction from Equation 10 is
AR =y &g = (-4.63)(6000) = -27780 £t

As a result, the range correction required, Equation 11, is

LRy

Ro cos € =~ (R, + AR, ) _
(407306) cos (-12.14) - [407306 + (-27780)] -
18673 ft

The launch elevation correction from Equation 10 is

Do = ARp - 18673 - _g 5°
dR/de . =36200

and the cofrecied elevation angle 1is

@ =80 - 0.52 = 79.48°

The two iterations have indicated launch azimuths of 87.76 and 87.86
degrees and launch elevation angles of 79.46 and 79.48 degrees. 3ince the
reading of the unit wind effects in Figure 5~2 for last value of the launch
elevation angle cannot be improved over the previous valué, the iteration
procedure is stopped. Therefore, the adjustments in launch azimuth and

launch elevation angles to compensate for the wind have converged in two

iterations.
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TABLE 5-1

WIND WEIGHTING FUNCTION
12-POUND PAYLOAD

ALTITUDE £(2) Nr(2)
0 0 0
50 ¢ 0,207 0.207
200 0.530 0.323
500 ’ 0,708 0.178
1000 0.811 0.103
2100% 0.857 0.046
5900%* 0.831 ~0.026
12000 0.868 : 0.037
25000 0.930 0.062
45000 0.968 0.038
70000 0.981 0.013
100000 ‘ -~ 1.000 0.019

¥Approximate First-Stage Burnout Altitude
#¥Approximate Second-Stage Ignition Altitude
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TABLE 5-2

BALLISTIC WIND COMPUTATION EXAMPLE

A£(2)4

ALTITUDE Wy Wg £(2) Ne(2) D£(2)dy
LAY:R ft/sec ft/sec ft/sec ft/sec
0-50 -10.3 +5.9 0.207 0.207 -2.13 +1.22
56-100 -1.5 +4.4, 0.360 0.153 -2.22 +0.67
100-200 -12.0 +7.5 0.529 0.169 -2.04 +1.27
200-300 -17.6 | +9.0 0.615 0.086 -1.51 +0.77
390-500 -12.9 +0.5 0.708 0.093 -1.20 +0.05
500-1000 --17.2 -5.3 0.811 0.103 -1.77 -0.55
1900-2000 -16.3 -13.2 0.853 0.042 -0.69 -0.55
2000-3000 ~14.4 -16.6 0.847 -0.006 -0.08 -0.10
3000-4000 -12.9 -19.1 0.835 -0.012 -0.15 -0.23
4,300-5000 -10.1 -21.8 0.830 -0.005 ~0.05 -0.11
5000-7000 -5.6 -26.4 0.835 0.005 -0.03 -0.13
700312000 -10.3 -17.3 0.868 0.033 -0.34 -0.57
12000-20000 +2.7 -38.2 0.913 0.045 +0.12 -1.72
20000-30000 +15.9 -75.2 0.942 0.029 +0.46 -2.18
30000-4 5000 -0.8 -59.2 0.968 0.026 -0.02 -1.54
4,5000-60000 -11.4 -20.7 0.982 0.0l -0.16 ~0.29
60000-100000 -3.9 ~11.3 1.000 0.018 -0.07 -0.20
BALLISTIC WIND COMPONENTS -11.88 -4.19

BALLISTIC WIND SPEED = 12.60 ft/sec

BALLISTIC WIND DIRECTION = 199.4 deg.

Positive Wind Components:
1) North to South
2) East to West

-
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- 6,0 VEHICLE DYNAMIC ANALYSIS

The Sidewinder-Arcas dynamic analysis included determining the roll-
pitech resénance conditions and the'dynamic response to thrust ééd aero-
dynamic misalignments, Pitch natural frequency, the amplificét@oﬁ of
trim angle of attack caused by rolling, and the envelope of angle of
attack amplitudes caused by fin, nose, and thrust misalignments applied
throughout spinning flight are derived and presented for the nominal tra-
jectory. The vehicle static margin history was slso determined.

6.1 Fitch Natural Frequency

The pitch naturul frequency of the Sidewiﬁder—Arcné vehicle as
Vderived in Reference 8 is | |
W,? = (Cngleg d § U1
The natural frequency and roll rate are presented in Figure 6-1 for = six
degree-of -freedom nominal trajectory (12 pcund payload, 80 degree launch

elevation angle). The roll rate with the Sidewinder fin misalignment (dis-

‘cussed in Section 2.2.1) 1is also shown in Figure 6-1.

The static margin used in this analysis is presented as a function of
time in Figure 6-2. The static margin for two other payload weights is
also shown. The curve for a 12-pound payload is based on the aerodynamic
data originally supplied by NASA-LRC (Table 2-2); the curves for 14 and 16
pounds are based on the revised aerodynamic coefficients in Table 2-3 which
were used in the computation of trajectories for 14 and lé-pound payloads.

6.2 Disturbance Moments

The body-fixed disturbance moments can be expressed as static trim

angles of attack in the non-rolling case which are given by

Cm
AN =0 7 . ¢¢ y for d) = ,375% at Arcas-P.L. separation plane
(Cma )CG , (see Table 2-9)

BN
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= O.lo-misalignment of two fins in

An . (mglecds tor 8y

p=0

N lane (see Table 2-7)
(Cp a ) one p
a 'CG -
_ T cﬁ'(lcg'ln) for 0.1° thrust misalignment Oy, where
- . —~———? . 1lgg~1, is the moment arm from the c.g. to
(Cnq 'co 437 the nozzle throat

These static trim angles of attack are presented in the lower part of
Figure 6-3,

6.3 Pitch-Roll Resonance Amplification Factor

A body fixed moment on a spinning vehicle applies an oscillating moment
to the body due to the component of the rotating moment projected onto an 
inertial axis normal to the body spin axis. This produces an oscillatory
angle of attack of the spin axis given by the usual equation for resonant

response of a second order system

77? 1

No=o (/W) + 2? (p/w,) + 1
from which the peak response at resonance is given by
- -1
= Qo , when p = 1 W,.
np=0 2E_ |
The damping ratio, é? , 1s d?rived from
- 2 ‘
2 Ew,= cNai‘cE-(ch)CG d S T . My,
mV 2V I mV I

Derivation of similar expressions may be found in Reference 8. The
ratio of roll to transverse iﬁertia is neglected becruse it is small.
) :
The term ﬁg' is derived from the effect of longitudinal acceleration on

the normal force equation as follows. (This term was neglected in
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Reference 8, Appendices A and C, in reduding the 6—degree—of—freedom
equations to 4 degrees of freedom). Subsiituting the longitudinal
acceleration equation, ma = T, into the definition 6f w with variable
velocity, w=ud + ud gives (¢ = _E.. - ia so that the
4L-degree-of -freedom equation for éi containg s pergumOdifying the normal

force curve slope. Thus,

. 6 [T C,. S7a
a-= -m_( + quV )a

nV

The l} equation contains a similar modification by symmetry.

5.4 Resultant Angle of Attnck Due to Iitch-Roll Resonance

The amplification factor (paragraph 6.3) is appliéd to thertrim angle
of attack (parngraph 6.2) to produce the resgltant angle of attack shown
in the upper part of Figure 6.3. The resultant angle of attack amplitude
which would occur at each instant if the systemrwere continuously excited
by the sinusoidal forcing function existing at that instant. Since a number
of oscillations are re-uired for a damped system to build up or decay to
its steady amplitude, the actual angle of attack response should appear
to lag the steady state values calculsted here,

In the upper part of Figure 6-3, the solid curves show the resultant
angle of nttack based on the nominal spin rate produced by 0.35° of Arces
fin ecant. The dashed curves show the peak émplitude wﬂich would be obtained
at nny instant 1f the vehicle were rolling at an‘off—nominnl spin fre-juency

equal to the pitch frejuency. Therefore, the .dished curve represents eithér

s

the peak amplitude for pitch-roll reeonance'with off-nominal roll ratgs or

’ ‘
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a time history of resultant angle of attack if roll lock-in océura.
Sinee both of these latter cases are outside the scope of this study,
the probébility of their occurrence has not been considered.
The effects of the three Arcas misalignments are piottedrfof'the
Arcas stage only. Roll resonant amplification does nét occur during
Sidewinder burning since the roll rate is negligible until Arcas separa-

tion.
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APPENDIX A o

" This appéndix presents tabulated data for the nominal (12'pouﬂa
payload, 80 degree launch elevation angle) trajectéry.- The information
presented includes (&) the ascent trajectory, from the end of tﬂe'rail to
apogee, (b) the Sidewinder spent stage trajectory, (c) the Arcas spent
stage trajectory and (d) radar tracking parameters for the ascent tra-
Jectory and the Arcas spent stage trajectory. A glossary of terms used
in the tabulations precedes each type of tabulation shown.

The thrust and acceleration values during Sidewinder operétion have
been removed from the trajectory printout to avoid compromising the Side-
winder thrust which is classified. These data are presented in the

classified Appendix B.

15
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DEFINITION OF TERMS FOR DIGITAL COMPUTER
TRAJECTORY PROGRAM NEMAR
ROUTINE NO. LV-VC-27

The terms which appear as tabular functions of time on the various
pages of routine NEMAR are defined below.

Page A

WEIGHT total vehicle weight (1bs.)

THRUST total thrust force (1lbs.)

I-VEL inertial velocity; velocity with respect to
non-rotating frame of reference (ft./sec.)

GC RAD geocentric radial distance (ft.)

ALT altitude (ft.)

RANGE great circle, earth surface range from input léunch
site coordinates to vehicle (n, mi.)

MACH airspeed divided by local sound speed

DYN. P dynamic pressure; one-half density times
airspeed squared (1bs./ft.2)

GD LAT geodetic latitude (deg.)

GC LAT geocehtric‘latitude (deg.)

LONG Greenwich longitude, positive east (deg.)

THETA-SIG the local geocentric pitch attitude angle minué

the great circle inertial range angle; approximately
equal to the pitch attitude referenced to the launch
8lte geocentric horizon.
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ALPHA angle of attack; angle between the bddy b
(longitudinal) axis and the airspeed vector
projection on the body x, z (pitch) plane

A-ALPHA . product of dynam%c pressure and angle of
attack (lbs./ft.<)

BETA yaw angle; angle between the body"vx (longitudinal)
axis and the airspeed vector projection on the body
x, y (yaw) plane (deg.) - -

I-GAM geocentric path angle of the inertiel velocity
vector (deg.)

R-GAM geocentric path angle of the earth-relative
velocity vector (deg.)

l I-ZETA heading of the inertial velocity vector measured
clockwise from north on the geocentric horizontal

I plane (deg.)
R-ZETA heading of the earth-relative velocity vector
I measured clockwise from north on the geocentric

horizontal plane (deg.)

PHI roll angle with respect to local gsocentriec
vertical (deg.)

PSI heading of the body x (longitudinal) axis measured
clockwise from north on the geocentric horizontal
plane

THETA angle between the body x (longitudinal) axis and
the geocentric horizontal plane (deg.)

Q-INTG the integral of inertial pitch rate: j:o cdt
(deg.)

Q=COMM the command piteh rate (deg./sec.)
1

PITCH ERR the guidance system pitcg attitude error (deg.)

%L‘



~ Page C
P, Q, R

A, Y, N

NX, NY, NZ

VELOCITY
AIR REL

VELOCITY
REL

WIND VEL

WIND DIR

II NX-INTG

LING-TEMCO-VOUGHT, INC.

REPORT NO.

00,1084

PAGE NO. A~/

body axes angular velocities about 1ongitudinal
lateral, and vertical axes respectively (deg /
sec, ) .

axial, side, and normal aerodynamic forces
respectively (1lbs.)

body axes components of load factor (g units)

airspeed or velocity with respect to the air
mass (ft./sec,)

earth relative velocity or velocity with respect
to the frame of reference that rotates with the
earth (ft./sec.)

horizontal wind speed (ft./sec.)

direction from which the wind is blowing,
measured clockwise from north (deg.)

integral of the load factor along the body x
exis (ft./sec.)

9
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Page D
HXDOT,

- HYDOT,
HZDOT

PCONT,

QCONT,
RCONT

STEPS
GOOD

STEPS
VELOCITY
LOSSES:
AERO

GRAVITY

PRESSURE

ALPHA

IDEAL
VELOCITY

K

A v

.L-ING-TEMCO-VOUGHT. INC. -
h REPORY N0.00, 1084

PAGE NO. A_5

body axes components of time rates of change of
angular momentum (ft. 1lbs.)

control surface déflections or reaction control
motors thrust (deg. or 1bs) : -

an index to denote which integrated variable is
controlling the integration step size

number of successful integration steps
nunber of»unsuccessful integration steps

velocity loss due to aerodynamic forces: first
integral of aerodynamic force per unit mass
component along relative velocity vector

velocity loss due to gravity: first integral of
gravity force per unit mass component along
relative velocity vector

velocity loss due to ambient pressure acting
over rocket nozzle exit area: first integral of
pressure force component along relative velocity
vector

velocity loss due to thrust vector non-alignment
with relative velocity vector
§

velocity which the vehicle would attain in a field-
free vacuum if it starts from rest and follows a
rectilinear path; the first integral of vacuum thrust
per unit mass,

4 ?
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Page E Range Coordinates and Velocities

Definition: The range coordinate system has axes XL, YL,
and 2L. The XL, YL plane is tangent to the spheroid at

‘the launch site, the XL axis is in the direction of the

launch azimuth, the ZL axis ig vertical, positive up, and
the YL axis completes the right-hand system.

XL, : ‘ S
YL, coordinates in the range coordinate system (ft.)
2L
XLDOT, velocity components in the range coordinate
YLDOT, system (ft./sec.)
Z2LDOT
2%
RXY tangent plane range; RXY = (XL2 + YL?)Z (ft.)
GAM-L path angle of the earth-relative velocity vector
with respect to the launch site tangent plane
(deg.)
VEL-L velocity with respect to the launch site (ft./sec.)
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Page F Instantaneous Impact Points (IIP) v
Definition: The instantaneous impact point (IIP) is the
intersection of the two-body path, defined by the position
and velocity on the boost trajectory, with the sphsroidal
earth model. The vehicle would follow the two-body path -
in the absence of aerodynamic, propulsive, and oblate
earth gravity forces.

TIME-] time of IIP from problem start time (sec.)

LAT-I geodetic latitude of IIP (deg.)

LONG-I Greenwich longitude of IIP, measured positive
eastward (deg.)

RANGE great circle range over the spheroidal earth
to the IIP (n. m.)

X1L-I coordinates of the IIP in the range coordinate

YL-I system. See Page E for definition of the range

ZL-1 coordinate system (ft.)
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Lo "0 1333,05 o7 14 .17 117.79 0.0 0.0 3.90 =C.00 =U,0C 1956. 1956.2 0. 0. 22712.0
w50 '3877.57 Teoe <N.21 J18,C2 -0.0 =0.0 3,9] CL.0C 9,00 2303, 2003.4 0. 0. 23,8
e 15.70 1922.4C K J.11 117.98 0.0 0.0 3.94  =G.0C 0.30 205!. 2051.0 0. 0. 2397.9
15.80  1367.60 =c.2°0 7.°4 117.95% 0.7 0.0 3.98 =0.00 =0,00 2399. 2099.1 0. 0. 2461.6
16.00 2313.75 =", =S.13 117.72 -0.J 0.0 PYE] JelD =T,00 218, 2148.0 d. J. 252640
15.50 72°¢35.11 12 =117 117.253 -0.0 ~0.0 4. .8 M C... 2198, 2197.7 3. 3. 25G6:.3
17. 21 5,33 G =l..k 115.51 =0.0 =3.0 4. 14 .00 2,00 72«8, J7.8.3 J Z. 2657 o=

17.50 2163.47 el =.. 0 115.72 -0.0 =0.0 +22" veli0 S.07  2330. 2239.9 Je G 27%..5
LdFelu P27 1.°1 .19 =l.03 116,60 «04,0 -C.0 w.2 1 J.CC 3.C5 2353, 2352,5 Je. 0. 27132.7
Y~.57 7281..9 Tol4 =3013 113,27 -0.C 0.0 4. 34 Jed0 0,00 2406, 240642 Ja Je 2861 .9

19.°C 237722 <7, 3 =%.13 111.71 -0.0 0.0 Y JePl =0400 246l. 24k1e2 0. Se 2332,

13.5° 7ITVTA =714 T.o1 107.53 0.0 [ 450 =u.C0 =J,00 2517. 25]7.4 J Je 100,

Tt 2.0 Ja w.3i7 ik Tol7 167.723 C. -0.0 4.539 «J.0C .20 2575. 2575,.1 3. I 3817,z

2. 5. fa%i%a A 135.7C «0.0 =02 PR PR .20 2634, 2633.93 Je Je 315:.m

RTNR TR TR YIRS i e A,

TneTr e
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-(ty SIZEAINCFReARCAS SCU'"ING A-CKETs AALLGPS ISUANG LAUNCH LTIY AFRQSPACF CARP,-MSL PAGE LE K E
" 32 CZ3 LALNCE ELIVATICN A GLE, 12 LB PAYLCAD ROUTINE NCo LYV i
PROALEM NC. 1 Co
( i
RANGE COQRDINATES ANC VELOCITIES j
G XL YL L xL=DCT YL=EQT IL=00T RXY QAM={ YEL=L R=CCr ‘
- 58¢ ( ki ) ( FT/SEC ) FI CEG FI/Z/SEC FI/SFC
.13 26,0 ~5.5 9.7 20.56 ~0.37 116,20 27, 79.966 118.0 58,8
a8 39,0 ~5.Y4 82.4 66449 -1.17 354461 39. 719.491 36C.0 47,4 :
ARG 53.06 -6.1 357.9 140.05 -2.56 750,09 90.  79.422 763.1 161 .5 ;
Le52 122.9 ~8.4 84l.3 226,10 -4,15 119).78 181, 79.256 1213.C 1212.1 ;
2.0C 13,3 -13.9 1535.1 234467 5,4 1536.10 313, 79.139 156441 1564,0 K
IS 433,34 ~13.1 2160,5 301,70 =5,59 1560.43 434, 73,55 1589.3 1589,13 :
B %13.8 -13.1 216G.5 30l1.70 ~5,59 1560443 434, 719.055 1589.3 15859,1 E
2.5% C63.8 -13.% 2315.9 30G.a17 ~5.57 1550.95 464, 719.0134 1579.8 1579,2 i
3.0 €12.% -16.5 3079.9% 294.53 -5,49 1504491 613, 718,925 1533.5 1533,5 J
3,50 758.5 -16,2 3821,2 288,35 ~5.42 16460.97 759, 78.811 1489.3 1489,3
S all.7 =21.68 4541,0 283.69 -5.35 1418.96 902. 78,692 1s67.C 1487,0
4459 1Ne2,.¢ 24,5 5240,5 278.13 -5.28 1378.72 1062, 78.569 1456.6 16306,4
5.0¢C 1i1R2.3 =275 592C.1 274,06 -5,22 1340411 1181, 764440 1367.9 1367,8
5.0 11497, 3 ~27.1 5920,1 274,06 =-5,22 1340411 1181, 78,440 1367,9 1367,8 &
5.5 1317.9 -29,7 6539,5 277.94 ~5.32 1343.35 1318, 78.308 1371.8 1371,8 !
. I 1658.49 ~32.0 726446 284,15 =5,47 1357.56 1459, 76.176 1387.0 1386,9 ;
ho EVEN 1652.3 -35,2 7947.3 290.67 =5.62 1372.90 1603, 78,044 1403.3 1a03,3 i
1.0 1745, 5 -33.9 8638,.1 298.04 -5.79 1391.,91 1750, 77.312 1623.5 1423 .4 :
T.50 191345 -41.9 9340,3 306,38 -5.99 1617.36 1901. 77,781 1450.2 1450,1 ?
a 00 235643 —ab, ] 10056.0 316,50 -6.21 l645.94 2057, 77,651 - 148C.2 148040 . {
_ c.5C 2217.3 -47,2 10736.,6 - 326,712 -6.44 1476.79 2218, 77.523 1512.5 1512.,3 }
KR 2333,y ~5J.4 11533.,1 337.58 =6.63 1510.01 2384, 77.396 1547.3 1547,1 i
7.50 2554.% - «53.9 12276.8 348.39 -6,94 15644.78 2555, 17,2171 1583.7 1583,5 :
- 1o 00 - 2732, ~57.5 13078.,1 363,069 -7.20 1580,30 2733, T7.147 1620.9 1620.6 H
12.50 - 271543 -61-.3 13877,3 372.40 =T.47 1616.65 2916, 77,026 1659.3 165841 :
11.72 3109s5 YV 14695.0 384.63 -7.76 1653.92 3105. 764906 1698.1 1497.7
. 1i.52 3239.9 -69,8 15531.4 397.17 -8.,064 1692.04 3301, 76,138 1738.0 1737,71 I
- 12.73 237140 -12.3 16347.0 410,02 -8,34 1730.96 3503, T6.671 1773.9 177844 f
12.50 37131 ~717.2 17252.5 423,25 -8.65 1771.04 3711.  .76.557 1820.9 1820.5 .
12,02 3325.2 . -51.6 18158.3 436,98 -8.97 1812.68 N 3926. T6eubb 1364.6 lasge,: i
13.5% G171 -26,1 15075.5 451,16 -9.30 1855470 4148, 76.333 1909.4 1909.2
1" 6175,2 -50.9 20014.3 465,74 =9,6u 1899.93 4377, 76.223 1955642 1955.¢6 i
1a.5. WE12.3 <453 2C9175.5 483,63 -9.39 1944,91 4614, To.116 20C3.4 20.2.4 |
15.7C “A57 ] -120.9 21959.1 495,71 ~10.35 1990.18 4858, 76.010 2251.0 2C>5C,13 h
15.5% 51537 -176,1 22965.7 5i1.04 -1C.71 2€35.95 5110. 75.9C7 2099.1 2093 .4 ‘
1.0, 5363, 1 ~111.6 23995.3 525.65 -11.C9 2082.62 5369. 75.3C4 218,20 214742 ;
1£.50 €535, 3 -117.3 25048.3 542.57 ~11.47 2129.66 5637, 75.704 2197.7 2196.8 :
17.°2 C3i.6 -123.1 26125.1 558.82 -11.8% 2177.73 5912. 75.605 2248,3 22«7.4 ;
17.52 €19a,] ~129.2 27226.2 575.41 -12.26 222611 6195, 75.508 2299.9 2298.9 i
10 653642 =-135.3 26352,0 592.37 -12.08 2776467 6488, 754412 2352.5 2315145 7
17.50 ETRA LT “141.7 29553.0 609.72 -13.10 2327.68 6738, 75.318 2406.2 24082
17.0¢ 173545 ~14R % 30679.8 627.48 ~13.54 2379.83 7098, 15,226 246142 246041
_ 19.5¢ T6la.2 -155.3 31883.0 645.68 -13.3% 2433419 7416, 75,135 2517 .= 251642

Zlel TTal.7 ~162 .0 33113.2 664,33 =-l4,45 2487.85 773, T5.046 2575.1 2573.1
Z2-..5. E775.3 -[59.7 34371,0 683,41 =la.32 2543 ,53 aCAal, T4,.358 2631.9 2612 ,6




ah

Gl B 2 =N A A AR =N N G S e I EmE Em
ST EATATFR=Ir{AE ST 1WG Y5CKET, wALLIPS TSLANL LAUNCH LTV AERCSPACE CORP,.eMST
ERN LY PAYLOAD ROUTINE NO. LVV(C2T
PROBLEM™ NC. .
INSTANTANEQUS [MPACT POINTS

Yive TIvE=T LAT=-] LONG=] Xt~1 Y-l IL=-1
SE ScC DEG DEG FT )
7.6 37.8379 ~75.4824 0.0 178. -7 -11.
2248 37.8372 =75.478) 0.2 1473, =22, ~10.
“B.2 37.8346 ~75.4603 1.1 6654 -91. -11,
7A.5 37.8292 ‘75-‘0253 2.8 léqb“i -ZSBQ -17.
373.9 37.8231 ~75.3862 Y% 28482, =473, =30,
101.2 37.8274 ~75.3816 %.9 29838, =502, =31,
121.2 37.8274 ~75.3816 4.9 29838, ~502. ~31,
129.5 37.8225 -75.33823 4.9 29506, -497. -3l,
99,0 37.8231 ~75.33861 'Y 28510, =473, -3y,
7.2 37.8236 =75.3895 27511, -461, =28,
95.7 37,621 =75.3926 76556, -445, =27.
.2 37.8245 -75,3954 25759, -431, =27,
52.8 37.8249 -75.3980 24930, “418. =25,
2.8 31.8249 ~75.3930 26990, =418, -26,
G40 37.3246 ~75.3958 25646, -433, ~25,
35.3 37.8250 -715.3922 26694, =456, =27,
377 37.8234 -75.3885 273897, -48], =28,
99.7 37.82217 =-75.384] 448 29080. ~509. -3,
152.2 37.8219 -75.3789 5.0 30629, -543, -33,
154.8 37.8209 ~75.3731 5¢3 32347 ~581. =35,
107.5 37.819% ~75.3667 5.6 34210, ~624, -38,
113.5 37.8138 -75.3599 6.0 36231 =670 -41,
1135 37.8177 ~75.,3526 6. 38386, =720 -45,
T 116.5 37.8164 =75.3449 6.7 40646, ~773. -5,
7. 119.5 37.8151 -75.3368 7.1 43018, =830, =55,
11 122.7 37.8138 -75.3284 7.5 5512, -890. -60,
11 125.7 37.3123 -75.3195 8.0 481295, =954, ~66,
12 179,1 37,3108 -75.3102 Bet 5087C., -1023. ~12,
12 130+ 37.4052 ~75.3004 8.9 376G, -1096. SER
13. 135.3 37,3076 =-75.2900 9.4 56825. «1174. 57,
13, 137.2 37.3058 =75.2790 3.9 60766 -1256. -56,
Ta. o 122.8 37.8039 =75.2674 155 63430 -1348. -136.
1aeo. Lebaw 37.8219 =75.2553 1141 670497, =1443, =118,
1Sent 15747 37,7798 ~75.2428 T1.7 T07ak. =1547, EFEDE
15.57 I53.0 377977 =75.2295 123 745587, -1647, =-1.7T,
JETNR 157.3 JT.795¢% -75.2162 i3.0 78593, «l76J. =158.
EYER Is1.1 37,7937 -75.2920 3.7 82770, ~-1878, =17,
L 154.9 37,7976 -75.15873 T6.2 87129, =003, =157,
R 163,71 377881 -765.1718 NETM 91547, -2135, =271,
EXE 177.6 3T. 7354 ~75.,1557 15.3 364137, =-2275, -22313,
13.5. 178eo 37.7826 <15.1389 167 1014il. ~2423, EEER
17.2" 1ac.7 37.7756 -75.1213 7.5 106616, -258(C., ~262.
Ti.5. 13u,3 37.77F5 -75.1028 L8905 112046 <2747, -310.
E T39.) 37.7732 -75.0835 13,4 1177718, -2924. -3.7.
LI 133,73 IT.TH98 «-15,0637 2044 123751 =-3I11. -376.
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SITEAl!Cr wasC33 S u. 1.y 20CecT, mALLCPS ISLANU LAUNCF LTy AfRZSPACE CCRP,=MST PAGR 24 .
2 TEG LAyt ELEVATIC. 1GLZ, 12 LA PAYLCAG ROUTINE NO. LVVCR2T .
PROBLEM NCa i :
oo
o
Ti-F ACI0HT TrwysST I=vEL 6C RAD ALY RANGE MACH  Oyh, P GD LAT GC LaAaT LanGg THETA=S(S ' ‘
SEC LhS LES  FfT/SEC ( = FT OR N MI = ) N M LgS/FT2 DEG DEG nES OEG E
, : é
21.°0 54, 374 3222.23 26935153, 35667, le38 2.78 261047503 37,3335 37.6476 =75.,454% 14,839 :
7.5 5°. 37+, 3280.,8B3 20936468, 36981. lo44 2.85 2575,6234  37.8333 37.64T4  =75.4532 14,733 {
2.7 55, 73, 3134,0.95 20937813, 38326, 1e56  2.91 2626.2644 37,8331 37.6472 =75.+52C  Tb,.b6¢ ;
R SE. 71, 3+432.67 20939187, 39700, la5¢ 2,98 26474,6992 37,8329 37.6470  =75.4507 14,533
230 55. Ry, 3655.99 20940593, 41105. l.63 3,07 2420.4181 37,8327 37,646 =754=03s  T4,502 :
23.67 54, 7, 530,85 20942030, 42542, 1,69 3.11 2363.9722  37.8325 37.64606  =15,4480 Ta.5622 ;
Zu.C 53. Jesa. 3597.31 20943499, 44011, 176 3,19 2305.3137 37.8323 37,6454  =15,4unb 7w, 343 .
2950 53, 3éa, 3A65.41  20945002. 45513. 143  3.26 224445688  37.8320 37,6462 =15.4<52 792065 ;
FEPRIR 57. 352.  3135.18 20946538, 47u4Y9, 1.,9C 3,33 2182.0308 37,8318 37.646C =715,44ld T4aliiy :
25,51 S1. 353,  3306.57 20948108, 48620, 1e37  3.+1 2117.6045  37.8316 37.6437 =75,6223 74,115 ;
20, - 5i. 357.  3379.49  203497.5, 50226. 2.d% 3,49 205143655  27.8313 37,6455 =75.4657 Téec=i
2.0 v 50, 354, 3953.91  Z209513%%, 51867, 2.12 3,57 19p3.62%2 37.8311 37.6453 <-15,419. 73.378
27,00 PR 251, =%330.05 20953035, 53546, 2,20  3.85 13514.5462 37,8308 37,6450 =75,4375 73,893 i
27.57 “, 351. 198,17 - 20954751, 55262. 2.28 3,73 1544.8288 37,8305 37.64948 =75,4358 73,830 - S
N <8, 351.  4148.76 20956506, 57016. 2.37 3,82 1775.0423 37.8303 37.6445 =75.434} 73,782 :
2x.t¢ 47, 353, 4211.70 20958301. 28810, 2.5 3.90 1705.2225  37.830C_ 37.6%43 =75,6412a 13,635
2% el “h. 35 . «357.42 20960136, 60045. dadb 3.99 1435.4810 3748297  37.6440  =75.4305 13e630
2%.5: L5, 38T, 6w645,95 235020164, 62523, 2.63 4.09 1565.8784 37,8294 37,6437 =75,4787 13,566
3.0, 45, 350, 4530.57 209539365, 64443, 2.72  4.18 149645253 37,8291 37.6434 =75,4263  73.5°3 ‘
3..50 “o, 357, 4533.45 20365901, 66407, 2402 4,28 142643741 37.8288_ 37.6%31  =15.424F T3.942 ot
1.0 41, JL3. 4726.771 209679.2. 63420, 2.9 .38 1354.4054 37.8285 37.6428 =75.u422¢ 73.342 ;
31.8C 43, 4. «A25,80 20969971, 70679, 3,31 4.47 12R3.6857  37.8281 37.6425 =75,+257 13,373
30y <. 348. «927.50 20472079, 72586, 3,12  4.57 1214.3150 37,8278 37,6422 =75.4'36  13.255
372.5¢ <1, 337, 5329.10 20974235, 74742, 3,22  4.67 1144.9620 37,8274 3T 5419 =75.061%e 73,228 .
33.°C¢C . 275, 120,38 20976439, 76945, 3.33  «.76  :071.4371 37,8271 37,6415 =75,41%2 73.153 !
33,57 “T, 157, 5132.23 20978461, 79187, 3o56  4.82 993.1453  37.8267  37.6412 =75.4,]3  73.053 :
EPNN 34, 173, 5223.81 Z09MC948, 81453, 3.55_ _ 4.85 901.2720 37,8264 37,6408 <=75.4090  T3dedux . ;
Iw.50 37, 51. 5231.79 20383224, 83729, .57 .35 @13.5381  37.8260 37.€4U5 =35.s772 72,933 - b
3574 3A, -1. 5213.72 20985497, 86002, 3,78 4,83 72249930 37,8256 37.6401 =15.40a9  T2.32& i
35.70 3%, ). 5219.72 20385497, 86002, 3.78 4,83 ,722.9930  37.8256  37.6431 <=75.43-9 72.335 T i
35.%7 KR T. 533C.00 2107522, 1058023, 4439 4.54  234.0975  37.8219 3T.6366 =75.3725  12.346 ) :
5.0 3a o 4729.61 21u&9268. 149761, 7.12 3,93 30,9380 37,8146 3IV.6297 =75.3358  72.33> :
el 37, T. 4433.07 21037655, 1881139, 9.25 3,68 5.2698  37.8073 37,6223 =75,2924  12.913 i
Too0 33, .. «2J0.40 21122894, 223372, 11,39 3.64 1.4256 37,8001 37.6.5¢  =75.2.35  12.335 P
&= .04 32, 2. 3951.85 21155011, 255478, 13,51 3.67 0.2999  37.7928 37.6u8¢  =75,2ra9 72,3535 ;
GJ.m 33, s. 3714 17 21184011, 284470, 15.61 3,63 0.0518 37.7855 37.6018 =75.1%4'6  72.33- ]
0. on 3F. O.  343%3.99 2:209904. 310354, 17.53 3,00 140096 37.7781 37.534°  ~75.].85 724344 ,
110,00 38, ~. 3218.50 21732698. 3331467, 13.79 2,55 J.302)  37.7758 37,5015 =75.,757 12.Gi- . :
12,70 3R, . 3735,42 21252399, 352833, 2l.00 2,16 J.00U7  37.763% 37,5473 =75,533% 72033 d
13,.0u ELA ", 2712.58 2:2k9014. 359439, 23.93 1.717 .0002  37.7559  37.5730 =7u.5975  72.531
Ta .n¢ 38, e 2704.RL 21232547, 37963, 26.JC l.47 0.90C1 37.79385 37,5657 =74,5.a% 72,932
I55.00 38, Y. 2kes.82 21293001, 393409, 28.56 1.25 3.5001 3747440 37.5583 =74,95°5& 72.333
Te 000 39, . 255¢.83 721370381, 400779, 3C.i2 1.3 J.3000  37.7334_ 37.5558  «Ta,3537 72.522 -
T 172,00 3., Y. 2534.10 21304687, 405077, 32.17 C.35 J.30530 3747258 37,5431 =74,32.3 724922
1795.72 38, Y. 24sf.63 213G5937. 4063519, ... 0.2 3.303% 37,7190 37.5365  =74.733% 72,33z ;
f]




A-15 2.
SICEATNGFR=AFCAS 53U31INy S20KET, walLOPS TSUAND LAUNCH LTV AFG0SPACE CORP,«MST PAGE 2B g
86 5T5 LAUNCH ELEVATION a.huf. .2 LS PAYLOAD RQUTINE NCo LVVCZ?
PROBLEM NCs .

Poiy THETA. P57y I=GAMy R=GAMs [=2fTAs R=JETA ARE GEDCENTRIC REFERENCED

©a s tee

4!

“—re S oo

]
TITE A PaX C=A("mi ArTa. [-GAM — R-GAM [~7FETA R-ZETA PHI P51 THETA Q=INTO Q=COMM _ PITCH ERF 5
SEC TEL LA/5. 7 o5 TEG 0EG DEG CEG 0EG TG CEG DEG DEG/SEC SES §
: f
7100 ARG 1. ~-00 53.833 74.930 93.8B4 100,596  50.258 100.596 74,930  =0,938 g, C. {
2..5° L = . =0.00 54,153 74,846 93.996 100.605 =119.831 1UC.505 7T4.847  =0.933 C. Te !
SIS ~T.00 T, 200 54,469 74.764 94,029 100.615  97.819 100,615 T4.765  =0.939 G, o H
2:.5¢ T An 1. 3.00 ©56.782 74,684 94.102 100.624 -16.307 100.624  Ta,684  <0.934 0, 0. E
23.07 —. 0 =, =2.0C 55,030 74,605 94.175 100.633 =101.657 100,633  74.605  =0.932 0. S. }
23,57 -l -1, =003 55.393 74,527 94.249 10C.643 <157.617 100.642 164,527 «0.934 0. G £
o T -1, -L.0J 55.692 74,457 94.373 100,652 176.391 100,652  T4.451 =0.935 U, G, %
35,50 .0 -l. =~3.00 55.987 T4.376 94.397 10(.661 ~179.096 10C.661 74,377  <0.935 0. C. £
35T BTN =ie =T 56,277 "T4,333 94.471 100.670 =143.560 100.669  T9.303 =0.933 7. Co i
25.50 Nale Ve =507 56.587 74,231 94,555 100.679 =76.504 10C.678  T4.0351  =0.932 7. Ce 3
76.00 T T, v+JJ 56,861 74,181 94,619 100,687  22.530 100.687  Ta.lol  <=0.936 0. c. 1
LN RS 1. c.9% 5T, UI5 74,092 94,693 100.696  153.939 100,696  T%.092  =0.936 0, J. ]
27.07 N '. =9.00 57,384 74,024 94,767 100.705 =41.505 10C.704  74.024  <0.933 0, C. L
2750 L =i =0.00 5T.649 73,958 94,841 130,713 155.334 100.715  73.958  <0.93% g, . i
23.00 i v, 20T 57.913 73,893 94,915 100,722  26.554 10C.722  73.89)  =0.936 0. 0. .
25.50 5PN e mr+03 53,174 73.829 94,990 100,730 -69.065 100.730  73.830 =0.933 U, Ce -
25T T mir =300 58,4337 73,767 95.066 100,739 «130.143 100,739  T3.767  =0.933 0. . k'
FEPEYS YV =e =00 58,639 73,706 95.141 100.747 =156.107 10C.7a7  T3.907 =uU.934 0. Cs -
o0 .04 =) =0.97 58.933 73,647 95,217 1C0.756 -146.658 100.7556  73.647 =0.933 0. 0. 3
3..5¢ T, .+ =9.93 59,193 73.588 95,293 100.764 =101.359 100.764  T3.589 =0.933 0. 0. :
ITOT LT A J.00 59,430 73,537 95,369 100,772 _<19.857 130.772  73.537 " =0.934 . 0. :
Y TEN oty PRy P t.90 B59.83%73.476 95,446 100.780 98.107 100.780  73.476 =0.93% 7. .
kPRI ) *-J- -T.00 "59.92% 73.wZ1 95.522 100.789 =107.288 108,788 73,420 —=0.933 7. c.
J2.5T Y (Pl =T 0.00 ATVISZ 73,7368 95,596 I100.797  B4.009 100.796 T3.368 =0.93% U. 7 ;
B EPELS S B veCC o0, 34W T3 ITE  395.663 100.B805 =4a.4la 10C.804 73,316 —=0.933 T, 3.
KEPLYY Sl =Y. TTIT BULAEE 730765 95.715 100.813 ST4€.281 100,312 T3 265 =054 T. e
PPN EoPale =J- _ =-.0J 8M.509 73,714 95,747 100,821 1<6.813 105,320  73.215 —=0.931% U. 0.
34,57 Y AP -, J.0U " 6U.43T 73,164 95.763 100.829 105.578 100.528 T3.l64 =0.93% U. 3. L
35370 T =5 700 AN, 402 Y3.TT3 95,787 T00.B37 64.122°100.836 V3,113 =0.93% . .
3500 <30T 7. U.T7 5C.4TZ TILTII 95.767 100,837 84.1272 10¢.936 713,113 —=0.93% T. U
§7.97 Terw 3. ved6 55,436 TZUETT 95,751 100.911  B4.133 100,873 73,148 —=0.93% 0. o,
ST 17 . 1.4 57.695 71,676 95.766 101.0470  Ba.i54 10C.5¢7 13,217  =0.93% J. .
I Y T T 2.B0 55.637 TU.3%6 15.81a 1UL.ZIS  B4.174 100,720 713,285 =0.97% 7. G.
To.00 (.35 (o 4e37 53,295 68,849 95.877 ITI. 370 B84.157 171.393 " T3.353 " =0.9735 . R
BT .57 T 5.22 TT.A4T 67.UC% 35.933 1UI.574  B4.213 1J1.166  T3.30T =0.936 7. M !
FoL T T T T 5.43 4T.640 64,796 95.995 101.67A  R4v2al 101,235  T1.4850 —=0.93% 7. a. L
Tyo T TL RS te L1.TF WG TN, T2 96,058 10[.824 84,262 101.312 TI.356  =0.33% 7, . |
TT7.0 T.T% V. 1%.33 4WU.396 58,667 96.121 1C1.970  B4.234 101.384 ~T3.827 =0.93% v. 0. 5
To00 57 (e 7,35 36050 54,809 94183 I02.113  Be.305 101.957 T3.690 =0.97¢ 0. - E
T 7 -9 v+ 23.47 IT.Tel 49,712 796,255 112,253 Be.328 101.529 T73.757 —=0.93% . . :
Ta T 7. e ve 27.37 25,707 %3.234 96,307 102.385 B84.350 101.500  T3.824 —=0.93C 0. z. y
T57 AT 3.5% Ve 38.74 19,707 34,387 56,369 102.502  B4.373 1C1L.67S  TI.891 =0.936 7. T, 4
6.0t 5UTS ce 3.7 13210 20,654 96.431 102.652  B4.395 101.747 73,957 =3.97%% . i %
TTT T L T T ET.TT T6UIST 12,283 96.493 1C2.TTA T Bu.als 100L900 e lze =T 9i. 7. 7. i
79,72 T cr  T3.8T ST, TTCTTSTL000. 36,545 107,889 Ba.a38 101.3686  Ta.38% =3 9736 e 3. v
3
i




L T e - e
N
4a-lo e A
_(:_ SICEAINTPR=3CCAS S3UNTING ROCKET, wALLCPS [SLAND LAUNCH w7V AFRCSPACE CQRP,=MSL Pags 2C
6C CEC LaLtl~ ELEVATIC I530T, 17 LB PAYLOAC ROUTINE NCo LYVCRT
PROBLEM NG 1
'"' ANCLLAR VELCCITIES AERO FQRCES LOAD FACTORS VELOCITIES wND ACC InTy
G c N Q A Y N NX NY NZ AIR REL REL YEL LIR NX=INTo
S S { SEa/5%¢ ) ¢ LBS ! { _FI/SEC ) FY/SEC DFG  _ FYs8iC .
S U L ST T MO S S P TR U R PPE 0,9 0.0 w73 =0,00 =0,00_ 269%, 2693,9 Oy Qe 12274
2l 5 2567.57 .08 =318 100,06 0.0 ~0,0  w.3. 0.00 0,00 2755, 275542 0 Qe 3333,8
2070 2¢23.52 R U1t 96.52 0.0 0.0 4,9. =-0.00 0,00 2818, 2817.9 0, Q. 3381,9
22.5C 2685.5. <—n.l€ <0.04 92.91 0.0 0.0 500l =U.00 =-0,00 2882, 2882.,2 04 Q. depill
23.NC  2733.4%5 S 3 «5.16 89.60 ~0.0 =0.0 5.10 J.00 N,00 2948, 2948.1 0, 0. 354349
2350 7796. « .15 <=).%3% 86.4¢ -0,0 -0.0  5.19 0.00 0,00 3015, 3015.4 0, Gy 362,84
24.0f  J2A€5,53 Toie J.c 83.19 -0.0 =-0.0 5.29 0.00 0,00 3084. 3084,3 0, Ga 3710,1
?<.€C 237C.7 eld ~..0 79.92 0.0 -0.0 5.39 3.00 0,00 3155, 3154.9 0. Ce 3196, 4
2506 29¢€2.h2 T.12 =3.79 T6.62 ~0.0 ~0.0 5.49  0.00 0,00 3227, 3227.0 0, U I8R5
25.5C 3IFu€,i6 .- <D.14 73.29 =~0.0 0.0 5.58 0.00 =-0,00 3301. 3300.7 Oy Q. 3972,17
25.°C  3.10.54 =..13 .0k 69.94 0.0 0.0 5.68 =0.00 =0,00 3376 3375.9 0, Q. W0p3,3
2n.6C 3175.04 E J.06 66.59 0.0 -0.0 5477 ~U.00 0,00 3453, 3452.6 0. 0. 4]155,4
' 27,00 041,50 <r .11 <0.03 63.25 ~0.0 0.0 5,87 9.00 =-0,00 353]. 3530.9 0, Q. 4249,0
i 27.50 337 3.9% .13 S .oh 59,93 =-0.0 =0,0 ®6.02 U.00 0,00 3811, 36ll.2 C, G 4300, ]
- 23,00 3318,5% 2172 .05 56.66 0.0 0.0 618 =U.00 =0,00 3694. 3693.9 0, 0. L4428
~7 25.50 254303, ~0,05  wd.12 S3.44 ~0.0 0,0 .33  0.00 -0,00 3779, 37179.1 0, 0. “543,4
N 25,75 35]113.73 .8 =5.10 50.27 ~0.0 -0.0 649 0.00 0,00 3867. 3867.0 0, C. “6ufe 5
29.50 3583.47 .12 =n.95 47,46 0.0 ~0.0 6.65 d.00 0,00 3957, 3957.4 0, 0. 4752,3
i 30.0C 3654.97 Nole  =0..7 46,73 -0.0 -0.0 R 0.00 0.00 «050. 4050.4 0. C. 4860 .6
i 33.50 3727.17 L2 =2,.12 “2.02 =0.0 0.0 6.98 U0.00 ~C.00 4l46., &l46,0 0. 0. 4971.6
31,77 3789,73  =t.12 =T.0a 39.33 0.0 0.0 7.15 =0.00 =0.00 4244, &244.3 0. U 5065.2
31.50 3872.8% Seir J.12 36.72 6.0 0.0 7.31 =0.00 0,00 4345. 4345,.4 a. 0. 52015
3200 3%4€.29 N,03  ~5.% 34.20 -0.0 0.0 T.68 UaCO =0,00 4449, 4449.0 0. 0. 532¢.5
32.57 «l15.55 <-L.oa Seil 3l.Te 0,0 =0.0 T.28 <J.00 0.00 4552, 4552.5 0. C. 5439,2
33.0C 419..38 7,78 <= .5R 29.29 0,0 0.7 6sl4 ~0.00 =C.00 4645, 4645.2 0, 0. 554743
33.50 4l57.15 “.T9  -2.0% 26.79 -0.0 -0.0  4.28 0.09 0,09 47l4. &4713.8 0, 0. 5631.2
37T 4rle.2a .9 S.06 24427 =0.0 0.0 2.02 6.70 0,00 4749. 4749.3 0. C. 5682.0
Juesl  4259.hA U.o3 coil 21.83 0.0 =0.9  0.756 =0.00 0,00 4757. 4156.5 0, C. 57ru.u
35.07 T54293.55 =n.cl 7.1 19.54 0.0 =0sd <=C.54 =~0.00 0.00 4T43. 4763,2 0. 0. 5706.3
a5.0. T ", s, 23.15 0.0 =0.J =0.54 <=0,00 0.00, 4743, 4743.2 0, 0. 57063
: 15,497 C. D, Z. .85 2.3 0.2 =C.18 =3.06 =0.00 4540, 4539.7 0. 0. 5656,2
5 o . . z. 1.00 1.0 0.1 =0.03 =0.03 =0.00 «2ll. 42110 0. C. 5628.9
€..07 7. . 3. 0.21 0.4 0.0 ~0.01 =0.01 =0.60_3907. 3907.4 [ 0. 56246
7..0. Ce . S . 0.05 0.1 0.0 =-0.00 =-C.00 -0.00 36ll. 36]0.8 0, 0. 56223.6
B 00 T T . 0.01 0.0 0.0 -0.J00 =C.iC_~C,00 3319. 33194 O¢ - 0o 5623,
g .n . T . {00 0.0 0.0 =0.30 =9.3C <0.57 3332, 3033.3 0. 0. 5623, 4
TR . . > 0.00 C.0 0.0 =F. 77 <G00 <5,30 2756. 275347 0. <. 5623.4
1.0 . . . 0.J0 0.0 0.0 =C.)u =J70 <0.0C 2482. 24823 0. e 1 5623..
12 .70 <. . . t.96 0.0 Sel =CelQ =000 <G00 2222. 2221.8 Ce o 56213 ,4
13 .77 <. T . 0.00 0.0 0.0 =C.73 =u.80 _~0.0r 1376+ 197640 G, C. 56234
lal. o T . Z. 0.00 0.0 0.0 ~0.00 =Ce0C =0,00 1751. 1750.9 J. Ge 5623.4
ENAS C. 2. s 0.G0 0.0 0.0 -0.30 =0.f% <0.60 1555. 158541 0. C. S623.4
e L ne [ T . Ce O, 0. C. Je J. l«01.. 140047 Ce <. 5623.6
T L s = z. 0 e C. C. 0. 3. J. 1202.  1302.3 7. . S623,4
179,72 . s i iR . c. . T . 1272, 1272.5 T U TR

e e e Tt Tk

T




hY

. - ———— A_l" — i am — . - r—— e
3IoTath FReNTUAT i TT U INEY, wALLOPS ISUAND LAUNCH LTy A€R0SPali (kP amMSE Sy,. or -
8V JEL Ll T Tor T DT 12 LV MAYLOAD ACUTIAE NCa wvV(2T

PROBLE™ NC, .

T =T ~y=To% v I=00f P=CONT ~ 4=CONT  R=CCwT wERWR STEPS YELCCITY LCSSES N FT/s5:- ToeAL
St . T % K DEG GR LES ] GCID 3ap AERC GRAVITY PRESSURE A Pme £LCTIT
. R Z.s C.o J 0. 0. 22 2327 112 1072.5 451.1 188.7 Sel “+38.2
A oL - . -C.4 3 0. 2. 21 2+0~ 112 119141 66046 191.2 el +535.3
NP IR e -C.1 0. T D 23 2422 113 1129.C 682430 133.2 Ses “Tie.l
IO s 2 .3 5. J. . 22 2561 1la 1156.3 63745 195.3 Zeo ~3i3.¢
I o) 5.2 0.2 0. 0. C. 23 2541 115 1182.8 712,.9 137.3 SeC EFERR
AR NPy s ~0.8 C. 0. t. 22 2773 115 1208.8 72843 199.°2 Seo 5133,8
P o S =1.3 3. 2. C. 22 280w 117 1234.2 Tel.o 2015 s 515,23
P L - -0.A Je [ . 22 2831 117 1259.0 759, 2 202.6 S 5757 .¢
T AR =5 -7 3. T [ 21 2978 117 1283,¢C 774.6 204.2 S 537..9
R — el EPIPE 3. S C. . 23 3T6s 121 1306,.4 79C,0 2U5.7 Tas EEE
. ! PR T8 e a. T. 2. 3153 122 1329.1 805.4 2071 Sel 53595.5
RIS . s.G - -, J. 0. 7. 22 J243 123 1351.0 3203 208, Seo 5T 1w, 3
2. o1 - .5 G5~ . O J. 22 3335 123 1372.1 836.1 209,17 s 5A32,-
2.5 C . N =C.a 0. 3. - . 22 3431 1725 1392, 4 851.5 213.2 NS 5947.9
FENS oL . Z.8 0. 0. 7. 22 3525 127 16411.5% 866.9 2ll.3 S 5265, <
FRRE T, -L . 0.3 Js 0. C. 21 3671 127 1430.7 882.2 212.9 Cs e

< FANG .l - .1 -0.5 0. 0. [ 23 3719 128 L4486 897.6 213.8 Sel 53.3.°7
25,57 Tt - 0.8 T G G. 21 3816 128 165,77 912.9 2le.7 N 6=32.7
SN el -5 ~6.7 T G g, 21 3319 131 1482.1 928,2 215.5 s 5555 ,2
ENPEN T -.® -Cal e 0. 0. 23 4322 132 1497.8 943.6 216.1 2.2 0685, "
. - Tt -C.3 .8 0. [ 0. 22 %125 132 1512.8 958,9 21749 el plid.c
MRS e ) -Z. 3. 0. 3. 21 <233 132 1527.0 9T4¢2 217.4 Zed 945,27
P T, L) -5l 3. 0. 0. 23 <33T 134 1540.5 989.5 218.2 Sz 70732
TS Tl N el J. J. 0. 21 «4s5 135 1553.3 1004.8 218.7 Ses 721143
T T - . h Y3 T, 0. 3. 23 4555 137 1565.3 1020.1 219.2 S.C 7331.3
33 . ~{ .5 <3S T [ T. 21 4566 133 1576.6 1035.3 219.7 s TulT.e
T A “5e7 Je 0. 5. 22 +78J 139 1587.0 1050.6 227 .. Ges 7ed9, ]
. TR <52 T e 0. 7. BNEEEET 1596.6 106549 22245 ] 7521.5
-, K M 7. 0. J. 21 53C9 142 163543 1281.1 22C.8 Ses 1532.%
. . - T 7. U, T, 21 5009 147 1675.3 1081.1 227.3 se- 7532.5
. . . 3 e 7. 0. 7. Te 5715 1es 1657.5 1732.+ 227.3 s 7532.5
O T, . = 0. T, . 5 5023 145 1683.0 153576 22-.3 S 75372.%
. . . T C. 0. C. 5 5228 leg 1687.5 1834.3 227.3 Sal T337.3
. . . 7. 0. G. J. Ta 5731 145 1638.6 2120,.3 223.3 Tec 723c.z
L . R o 0. T T, I« 5037 1435 16488,3 I 225,18 Tes EEERE
R g z. 0. e J. . 5 50135 as 1638.3 2707 w 227.3 Tl 7532.5
L. . = 3. Ja [N C. is 9037 4% 1633.3 2987,3 220.1 Ses 75322
UL NI . P T 0. J. 1+ 5035 145 1598.3 EFELIY 225.R S 73,3
e . . . T T O 0. 16 574l 145 1638.3 3518,9 220,43 2 T532.5
I . . T 3. 0. C. 15 5343 las 1688,9 3764.7 227.3 s TiZ.3
AN T N . Je 0. . 15 SCae 145 1688, 3 3985.,3 22C.3 .- 15325
PN <. T J. 7. 0. 7. 15 9.45 14€ 138,39 “185.6 220.8 e 532.5
R T i C. J. Te C. 14 5045 Jw5 1638.3 4343.5 222.3 Ses 3
YT, . . T 7. 3. 7. L~ 3747 TTes T438.3 LT 220,43 .
R . - Je Te Je -4 i Tl A2 V35,9 “wha,? 225.4 Ce.
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4-18 -
C- SIcEaln(PRasslas 30,0710 2 CaST, wALLCPS ISLANL LAUNCH WIy AFRZSPACE CCRP,-MST Oa0F 2%
30 8o wal Qe ELELATISY A 5lE, LR PAYLCAZ ROUTINEG NCo LVVC2RT
. PRCELEM NCo i
RANGE COORDINATES ANC VELCCITIES
A L TN 7L xL=0CT YL=0CT 2L=UCT RXY GAM={ vEi=g R=LCY
- FN ! cT ) { FT/S5EC 1 FY _DEG FT/SEC  FI/SEC
2.l d.47€,3 -.17.2 35657.1 702.89 ~15.40 2400.58 8427, Te,872 2693.9 26920 . »
Zi.o0 R -135,1 36571.8 722.30 =-15.95 2658.64 8784, 74,787 27%5.2 2153,2
2z~ 9:48.1 NEE 3168315.9 743,20 =ie.l 2718412 3150, Taelde 2817,3 2416,
3..5. 55°..3 -2°..1 39690.3 764412 D 27719.03 9527, T4e622 2882,2 2382 .1
21.°¢ 5512.2 -5, 41055.3 785455 -17.448 284,43 9914, Téa542 2948.1 234045
23,57 173, 2.4 ~213.4 «2531.8 807.49 =13, 24 2905.25 13313, Tuenbl 3015.4 I~ly, =
YR L0199 -22%.3 +4C03.7 829.95 -18.51 2979.53 137122, 74.386 308~.3 3r3z ..
2<.5 11142.5 -217.7 45522.7 352.94 -19.19 3037.31 1113, 744310 3154.9 3153,1
25. 115703 “3a7.u %1038.3 875.48 -19.2 3135.63 11575. T4.236 3227.0 3225,
25 50 12707.2 =237, 486J38.5 332.55 =2C.42  .3175.43 12020, 744163 3300.7 3298,%
2a.l. R =2c71.9 50214.0 925,12 -21,235 324hebl 124716, T4.691 3375.9 3373,5
550 1257, -271.5 51355.3 950,21 -21.70 3119.22 12945, T4.521 J452.6 3457 o
7.0 11.0°1.9 ~2233,5 53533,4 §75.83 22,137 3393.29 13427, 73.552 3530.9 1608 2
Y 137;3.18 ~3°3.9 55248,9 1002.10 -23,05 3469.25 13922, 73.6884 361142 3605,
23,00 EEE -3ty 57503.1 1023.17 -23.76 3547.54 1aw?dg. 73.8.8 36913.5 363..7
2-.5" RN ~12+.0 SRT36.9 1057.03 =24 .49 3628.22 14951, 7134753 3779.1 3776,
S FEFRE 15,43, 1 =177 s0h3L.7 1086,71 =25.24 3711.39 15487, 73,639 3867.3 3a64,7
9N FEEY 16773,3 PEFERE 92538.6 1115.24 -2, 3795.91 16C37, 73.627 3957, 3g55,0
3 o.nd j&832, - 03,2 Su429.1 1145.59 -264132 3a-4.30 16603, 13.566 «050 .4 47,3
3..5. RN -1~ 5 56393,9 1176.79 ~27.65 3975.239 17183, 73.506 “lukl 0 “]1%3.5
EF S REEERE -33° .7 $5+364,8 1208.86 -28,50 40hR ub 17780, 73,447 w243 wpel,y
MY EREE -+ 5.3 70462.8 i26l.79 29,38 4164.53 183923, 73,330 43sS,.a 4342,2
3Z.00 15 . -~ -27 .2 72569.3 1275.59 -32.28% 626212 13022, - 713.33« 4669.0 4456
~ 32.5:0 15~~1,3 -235.5 T472%.9 13097.43 -J1.13 4359,97 194669, 73,279 £552.5 4545 ,a
RPN “251.3 76927.5 1340.28 -32.J4 “4wT.53 20331, 73,225 464542 4652 45
Y:.5¢ 1l 7.3 TS 73153, 6 1364425 -32.72 ©511.99 21328, 73.172 «713.8 “7liel
. Ae. c155,.5 —<3a,. Blulu.? 1379.69 -33,118 “S4u.T1 21694, 73.12¢ 4749.3 +146.n
3.5 EEEEN! -3 83758.9 138,94 ~33. 44 «550.32 22186. 73.267 4756.5 47153.7
3, EEER -317.5 85731.3 1385.21 -33.56 4535.25 23075, 73.015 476342 I
1540 FERRETE -317.5 A85941,3 1335,21 -33.56 4535425 23979. 13.415 “743.2 4740,y
Y5.57 73d4lA -~ 3,2 107993.4 1365417 -33.9¢ 4331.02 29900, v2.560 “535.7 4327,2
- 5 . 0 233133,7 -1 32.0 165727.7 1334.15 -35,31 3093,3] 131395, 71,522 «2]11.3 2074
DR 5ha61.5 -1 33,7 188754.9 1322.69 -37.J) 367-.50 EYSER 70,206 3337.4 31951 .3
- 7.0 5335 7 - 1747 273247.9 1315.56 -372,33 3352.239 53872, 68,623 36154 322,70
5.0 S2377.,% -T17°.2 25337.0 1318.37 47,61 309452 ai;7 66, T4l 3319.4 3305, . .
9. .C PLEEEYY -F5as T YT 1365.25 -.?2.33 27137.77 36C£9, 644495 3033.3) 3ril,n
il ety 1.5 33,4 = T i~L7 3173055.3 1300.73 «43,99 242673 13916, 614735 21837 272,23
- 1.7 172 ~v4m PR 33274AC.3 1296.41 45,58 2116440 122119, 58,35 2873 2.21,7
R 1352.2.5 -132%.2 102395, 4 1292.27 -47.10 18C6.69 135270, 54,207 2221 .3 21437
NS LT 15.9 - 364916,0 128R.29 -3.55 1497.51 147981, 49,215 1976.5 ings,a
HEEE 16."73.° ~<5-.5 JEc3-T.C 128448 -49.933 11RR. 17 15085«, LY. 17553 1854, 2
57 . LT3A5.¢ ~Sa el ! T 350092.5 1280.34 -51.24 2&5.38 173652, EEER 155544 1323.5
{60,070 TR 35+, 3 ~3323. 4 355955.5 1277. 36 -0 47 57224 L3550, 2u,11s 1e50.7 in54%,3 o
T 177,75 165163, + -£.53.% Li-i37.g 127+.35 “53.66 26a.27 159254, 11.7J8 1322.2 AT,
175,72 Jlos17," =33<7.4 ~15257.1 127121 FEPYCE ~13.48 21077, “G.blo L1245 573,




el 5 L —
T S'-falt.Fi=ivl4S 3071 L ATTKET, aacllPS TSUAND LAUNC) “Tv ACSCSPACE C-AP,=MST
30 LB WSt lm UL AT TRy L2 LS PAvLcag SZUTINE NZ. LYvC2T
. PRCELEM NG, A
- INSTANTANEQUS [MPACT POINTS
T i -] LaT=] LONG =] AANGE L=l [T ZL=1
e oo seC CEG DEG N ] ( FT )
e e : s lTel J7.7602  =75.0621 216 12998+, -3310, -wl3,
AR LR 371025 -75.0201 2245 136996 -3520. -455,
S BT 37,7585 ~74.997J 23.5 1-3317. BEETER =5ul,
N 21..3 377544 -74.,9729 2w.8 1509654 ~398], -551,
REPR Y 37.7500 -76.9475 25,0 157953, -+232, -6ib,
73.% 72 .3 37.7+54 =T4.92i0 273 165727, -4493, =561,
> 20547 Y7706 <74.8333 28.7 173336, -«783. =73~
a5 2)..3 37,7356 -74.8663 30.1 182565, ~5084. -3Co.
e 215.6 37.73C2 “T74.8340 31l.6 19156, «5403, ~Ra6,
BEPES EPP 37,7247 -74.8023 3341 200929, -574]. =975,
S 305 17,7143 =74.7692 307 212725, -6099., -1071,
ENEN 251.5G 37 7127 -T4,7341 36 . 220944, “6478. -1177,
ST, 357.4 37.7J63 ~T14.6987 38,2 2316184 «6887. -12591.
7.5 Chrl 37.6996 =74 .6609 “Cad 2428C4., -7306. ~lal8,
N 7nd.3 37,6104 -Je.6212 42.0 254580, ~7762., -1558,
K 27,9 37.6349 -74.5794 YR 649717 - <8249, -17}a,
FESI 37.67069 -74,5354 b2 280C0z3, -8769. -1884,
7374 37.5685 ~T4,4B8G] 48w 29237¢3. -9325., -2073,
FREFT) 37,6596 =74.44Ch 5.8 308199, -9918. ~2280,
ITL,T 37.6501 -74,3893 53.3 323383, -13551. =2503.
7. 3T.602 -74.3355 56.0 339362, -11274. -21%52,
Tlc.n 37,6297 -14,2790 587 356123, -11950. -3041,
57,9 37.6186 -74.2198 616 373751. -1272C. =33a9,
327.2 3T 6071 ~74.159] 6445 391768, -13522. =3679.
335,8 37.5964 -74.1025 67.4 408621, ~164287, =40C..
EEAY 37,5378 -74,0577 69.6 421354, -14893, 4265,
EFTYA 17.5324 ~74.0302 70.9 «3C1 4. 15274, ETEER
1.5.5 37,5802 -74.013G 71.5 33779, ~15+48. -4508,
i T5.5 37.530C =74.0170 T1.6 436035, =15469., -4514,
3 i 37.5800 =74.0170 T1.6 434.85. -15469., =451a,
5 T22.6 37.5365 =74,0517 59.9 4237l ~15055. =<302.
EN IR 37,5910 ~T4.0771 68 .6 w4226, ~1483u. -6152,
D Ll.1 37.53919 ~T3.0R37 58.3 wlwldTa. -14573, =«lll.
7 Tole1 I7T.5519 ~74.0A58 682 413627, =14973, ~4101.
B ITTUT TeGILT ~T4.0364 58,7 «135.:8, -15.589, -4(98,
BN 1.1 J7.591a =74.0R66 8.2 4135°6, 15207, ~3357,
; L1010 LIS -T4.0865 69.7 +135i9. -15321. -u.98,
T KPR I7EECT =7<.0366 LR BEEEER ~15<37, EEYEER
B KR 37.59(5 ~T5.0Rb6 6640 W 13534, <1535, EIEER
3 T 1 37.55.2 =74.0866 68 .2 «13578, -15635. ~<097.
3a1.7 37,5459 -74,0366 65 .72 «135357., -15730. a7,
.. 37.5257 -74.08¢6 5.2 13615, -15820. -loc.
Fal.. T7. 250, “T4.0366 58,2 “13€72. <1597¢%. =«1C3.
AN 17, EE5 2 ~74.0%¢6 58,2 PREFTEP -1 53¢, ~<i04.
LS IT.E50 “TL.08h6 5A .7 wllbbua, “15085, —<1Cie




N &2 Ea EE N A BN B BN i oo B E En EE A
\
= = n A-20 — P~ = PP a—
SICEINCFG=5PENT SYAGE TRAJECTGRY. _ . LIV _AFACSPACE C73P,-M5C PAGE LA
80 LEC Lavhlr SLEVATION ANGLE, 12 LB PAYLOAL SOUTINE NOo LvvC27
PROBLEM NC. A
INITIAL VALUES OF GEQCENTRIC ELLER ANGLES ANLC PAYLCAD
Phi = Q. THETA = 79,092 PSI = 100.114 PAYLCAL = 0.
Tiet wEIGHT THRUST  T=VEL 5C RAD ALT RANGE _ MACH OYN. P GL LAY _ 5C LAT LONG TRETA=516
SEC B> LBS FY/5EC { = FT GR N MI =) NoMI . _LBS/FT2 LEG 0EG DFC DEG
o0 52, 0, 2167.20 20901650, 2160, 0.07 1,43 2816,1554 37.83717 31,6515 -715,4A815% 719,09}
10.0C 59, Co lusl.se0 203C8370, 8887, 0,31 0.50 263.8916 37,8370 37,6508 =15,4746 734403
20,00 o0, J. 1312.85 2091134s, 11863, 0.50 Ouls 18.4262 37,8364 37.6502 =15,4721 46,356
29.37 530, Jd.__1313,34 20910831, 11367, C.66 0.21 42.0693 37.8358  37.6497 =75,4%43w =65,3537
4i,aC 50, 0. 1342.52 20907570, 8086, 0.79 0.+0 171.4.36 37.8354  37.6492 =75,usés =80,97C
55.00 50. 0. 1348.08 2€902310., 3325, 0.88 Q.up 281.3279 3743351 37.6489 «75,4648 =85,415
56.45 50, 0. 1338.94 20899485, =0, .92 0.46 318.8509 37.8350 37,6487 <=75,46w) =86.961
¢

Uk
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TIPS e
L J
SICEalInir iaSPiNT STALT TRAJECTICRY . . LTy 479 5PACT (CKRP, =MSH Pasf B
-O- 33 DES LatNC™ ELEVATION ANGLE, 12 L8 PAYLRAD RCUTINE NQ, LVY(C2T
PRCBLEM NQ. H
- ) |
PHI, THETA, PST, [-GAM, R=GAM, I-2ETAy R=2ETA ARE GEQCENTRIC REFERENCED
True ALP~A_ Q-ALPHA BETA _1-GAM R=GAM I-2FTA R=JZETA FHI PS1 ThETA Q-INTG a=COMM_PI1ICk FRF |
3£C CE5 LB/SQ FT DEG DEG CEG DEG DEG CFG LEG 0EG HEG DEG/ZSEC DEG
Senl 0,00 3, =0.QC 46,062 79,091 92.013 :GC,1le 0,000 10C,11% 719.092 e - =0,22113 d.
1oa0p =C,1C =is N,02 21,422 75,442 91,061 100,475 0.267 100,409 15,438 =3,633 =U,84906 D
2500 =C.02 =0 0,13 4e72% 46,437 90,867 101,095 04699 100,908 46,6422 32,731 =3,.,50410 da
27.97 =-C.N2 ) 0.C6 =8.930 -65.733 9C.827 101.763 0357 1014623  =65,755 =]46.929 =3.35695%9 O
Los2C =Q0.C1 =2, 0.0l -18.384 -80,823 9Q.657 102,512 =0.417 102,455 =80,832 ~16(0,043 ~0,561715% da
53e0? =-Ceml =24 0.00 «22,197 =85,235 9C.454 103.534 =le418 103,490  =85,243 =]bt,486 -U,2931% Qa
55.45 ~C.21 =2 0400 -22,719 -86,758 90,340 106,497 =2+369 104,956 =86,766 «166,032 =0,19489 2
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CN NN MO BON EDN EER KGN GER MEN BN BON BB B

SIZEmINTER.SPENT STAGE TRAJECTORY hes - LTV AFRCSPACE CoRP,aMST PAGE 1C
§0 SEG LaunC™ ELEVATION ANGLE, 12 LB PAYLOAD RQUTINE N3, LYV(27 i o
PROBLEM NO, Bt
1
ANGULAR VELOCITIES AERO FQRCES LOAD FACTORS VELOCITIES ~#IND ACC INTG |
TIve P Q R A Y N NX NY NZ AIR REL _ REL VEL _ DIR NX=INTH <
SEC { DEG/SEC ) ¢ L8s ) { FT/SEC ) _FT/SEC DEG FY/SEC ’
2.40 Q. -C.22 =~0,00 554,38 =0, 0o =11.12 Y. 0, 1589, 1589.3 0. Ge 0,
1{.0C 0. =0.85 0,02 42,90 Qs -0. =-0.86 9. 0, 544,  543.9 0. Oy =806.9 _
22.0¢C 0, ~8.50 _0.13 2.88 0, -0, =0.06 _ 7. 0, 149, _ 149.2 0. Q. -910.3
29.57 Oe =-3.37 0.06 6459 Q. =0. -0.13 Je 0, 224, 22346 0. O =927 .4
4C.98 0. ~C.68 0,01 27.08 O, =0, =0.54% %, Oa 429, 428.9 0. O, =~1032,9
50.72 a. =C¢29 _0.00 44,72 0. 0. _ =0.90 0, 0, 511,  511.1 0. 0. ~-1249,9
56445 0, -C,19 0.00 50,68 0, -0, =1.,02 9. 0, 518, 5]8.0 O 0. ~14¢9,9
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SiZEmINIFRSPENT TRAJECTORY A=) _ I, AFSISPalT [°FP, .87 EYEEENEE
O A [EG LaunCr ELE/ATIOY ANGLE, 12 L9 PAYLOAL SCUTINE NCo LeCR27
PRCALIM NG, 3

RANGE COQRDINA'FS AND YELOCITIES

.
IS

:: 2L xL=0CT YL=0CT 21 =007 Xy JAM=L AR R=LCOY i
5% { ) N FIZSEC ) FY ~£0 FY/sSEC FYI/LSEC
POTIUSS KROUT-S -5,83  _L882.22 R - T- WS- 1 L O S, Y.L I U,
327S.0 PR RPN LTI Soaeda &8 P aedad ~elad w o
: 1135%,.5 122,39 =2.3¢ I3, Ao “0a i3l et LI S
$3.37 11338.6 9171 2,16 -203.3% w008, =25,127 223e2 - Dial
« .07 8077,.6 68,31 -1.613 -423448 4817, =Ru.B8T= 9ZB45 -3128,3
5025 3317,2 41,396 =-0.38 =509.34 5364, =85,289 511a.1 -232.2
5h.45 -8,1 28471 =0,63 -511.16 5590, =86,815 913,32 29,3
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. ,
STTEaINCFR-SBENT STALE TEAJECTORY - Ty Zf92S3iCf CoRPLoNST Pl F :
. 80 2£G LaALNC™ ELEVATION ANGLE, 12 LB PAYLOAD RQUTINE NG, Lvvep? o
PROBLEM NCg 1 i
{
INSTANTANEQUS IMPACY PQINTS k
TIME TIME=1 LAT=] LONG=] RANGE Xl =1 Y =1 Zl~1 ; E
Sg¢ SEC DEG €6 L Bl S £r ) _ ﬁ
2,40 101.2 37.8226 ~75.3816 4.9 29840, =503. o =3i, ?
10.9C 55.1 37,8338 =15.4557 1.3 al3g, -13}. -12,
20,27 50.8 37,8347 =75,4619 1.0 62230, =116, =11, 7
29,97 51.0 37.8348 =75.4528 1.0 5548, <123, ., ¢
40,10 52.8 37,8349 ~75.4635% ) 5633, =125, -1,
50,90 556 37,8350 =75.4640 0.9 5536 -126, =12,
56,45 $6.5 37.8350 =75,4640 0.9 55a8, -127, 2 W Y g
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[Py PN

- A-25

] o LTV AFRCSPACE <705 “we~ S£5z iy
RS GRDLALAD O ELEGRTITHORNZIES 12 (R SKNTRE L N o
T T o ) B - PRCALEM NO,. 1
INITYAL VALUES OF GEOCENTRIC EULER ANGLES AND PAYLCAD
PHT = 0. THETA = 74.0864 PST = 101.886 PAYLOAD = 0.
TIWE WE [GHT THEUST  [=VEL GC RAC ALT RANGE  MACH OYN. P GC LAT  5C (AT LENG THETA-SIG
SEC L3% LBS  FT/SEC (- FT OR N 41 = ) N " -~ LAS/FT2 DEG . DEG DEG DEG
179.02 3l. 0. 248,67 21305937, 406319, 34.03 0.92 3. 00N0 37.7190 317.5365 -74.78136 73.518
179,54 31, 9. 2488.85 21305923, <06304. 34.23  0.92 0.0000  37.7183 137.5358 -74.7796  26.526
17,79 31. 0. 2511.69 21304N85., 404457, 36.28 0.97 0.0000 37.7196 37,5281 <—74.1374 <=[5.a85
3FR 00 1. 0. 2571.54 21299177, 399540, 38. 35 1.69 0.0000  37.7029 371.5203 <74.56553 ~27.547
215,00 3. 0. 2666.28 21291195, 331549, 40.461 1.29 0.0001 37,6951 37.5125 <=74,6532 —37.51¢C
277,00 3T, 0. 2792.19 212%0137. 380431, 42,47 1.52 0.0001 37,6873 37.50646 =—T4.6111 =45.435
P AT 3. 0. 2945.48 21266001. 366335, 44.54 1.35 0.0003  37.6794 31,4966 -74.5438 =51.5670
ECAN ) 3. 0. 3122.30 21248782, 349107, 46.67 2.22 0.0008 37.6714 37.4835 —T4.5265 —-56.599
EETNGS) 31. Oe 3319.07 21223474, 329790. 43.70 2.65 0.0030 37.66346 37.4804 <=T4.4340 —40.541
LSRN 31, 0. 3532.66 21205074, 305379. 50.79 3.10 0.0133 37.6554 37.4731 ~Th.4414 =63.740
270,33 3. 0. 3740,.38 21178573, 2718859, 52.909 3.50 0.0737 37.6473  37.4638 -T4.3586 <—£6.375
239,00 31, 0. 3999.79 21148965, 249251, S5.01 3.66 0.4149 37.6331  37.4553 —T74.3555 <#£3.575
73030 31. 0. 4247.80 21114257, 216533, ST-14 3.63 1.9190 37.6308 37,8463 <74.3123 <—70.436
137. 00 31. 0. 4437.20 21030454, 180715, 59.27 3.69 8.4208 37,5225 17.4382 -74.2639 72,332
ITA. N 31. 0. %722.81 2104171721. 141976. 61.41 3.99 43,0223 37,6141 37.4295 =-74.225%4 -73.418
337.99 31, 0. &7339.05 21000976, 101221. 63.51  4.29 293,1598 37.6059  37.4210 —-T4.1328 —~T4.661
310,79 31. 0. 3756.,60 20963724, 63960, 55.30 3.35 987.2391 317.5999 37.4136 -T4,1%65 =-75.951
360, N0 31. 0. 2251.92 20940674, 40906, 66.30 l.66 795.7608 37.5950 37,4095 ~T4.1261 -~-77.939
359. 70 B 0. 1470.29 20928653, FEEEEFR 66,74 0.95  421.9050 37.5933 137.407T7T ~T4.1173 —-81.397
360,00 31, 0. 1483.57 2032055h5., 320793. 66,94 N.T0  320.9759 37.5925 37.4068 <T4.1131 <=34.49%
3TH.09 3tl. 0. 1401.62 20913952, 14130. 67.06 0.5B  2G4.3660  37.5920 37.4063 —T4.1108 =37.227
340,03 31, D. 1353.47 20908123, §350. 67.12 0.51  2B2.1547 37,5918 37,4060 =-74.1096 <-39.093
131,39 31. 0. 1322.66 20902861. 3038, 6T.14% O«46 274.2098 37.5917 37.4059 -74.1097 -90,.,21%1

336,31 31. 0. 1308.91 20899773, ~0. 67.16 0.43 27C. 7009 37.5916  37.4058 -74.1088 -90.769
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§CR18
\ .
ARCAS SPENT-STAGE TRAJECTQORY A'f° . LTV _AERCSPACE CNRP.-mSD "oAGE 18
O 83 JEG LAUNCH ELEVATION ANGLE, 12 L8 PAYLOAC i ROUTINE NO,. (VVC27T
PRCBLEM N2, 1
PHL, THETA, PSI, 1-GAM, R-GAY, I~ZETA, R-2ETA ARE GEOCENTRIC REFERENCED
TIME ALPHA Q—ALPHA BETA [-GAM  R-GAM__ [-2ETA R-ZETA PHI PS] THETA Q= INTG Q-CCM™ _PITCH £3R
57 DEG _LB/SQ FT  DEG DEG DEG DEG DEG DEG DEG NEG DEG DEG/SEC DESG
179.32 74.08 0. 3.65 0.000  0.090 96.549 102.389 0.000 101.886 _ 74, C84 J. -75,48351 0,
- 173.99 2R.42 a. 0.45 =-0.6T7 -1.324 96.555 102.901 1.015 102.984  27.099 =-%6.931 -29,31937 1.
193,79 0,91 -0, 0.93 =7.717 -14.337 96.617 103.020 0.995 102,989 -14,346 -88,987  =-1.29857 g,
27%.39 -0.01 -0. 0.03 -14.514 -26.332 96,4679 103.115 0.979 103.107 -26,841 -101.045. -1.10435 0.
217.7) =-0.71 -0. 0.02 -20.913 -36.729 95,761 103.247 0.952 103.22) ~36,737 -111.007 _ -0.88964 0.
220,30 -0.91 -0. 0.92 26,916 -44.533 95,303 103.354 0.918 i03.332 -44.595 -118,929 _ -0,70121 0.
231,09 -0.01 -0. 0.01 -32.157 -50.756 96.964 103.458 0.383 103.438 -$0.763 ~125,162 " -0,55210___ 0,
240,09 ~0.21 -0. 0.01 -36.935 -55.619 96,926 103.558 0.846 103.541 ~55.625 -130,399  -0,4387% 0.
257,07 -0.01 ~-0. D.0l -41.178 ~-59.494 96,983 103,655 0.8l1 103.639 -59.500 -134.030  -0.3535% 0,
250,30 -0.01 -n. 2.0l -44.931 -62,.626 97.35L 103.747 0,777 103.733 -62.631 ~137.229 __-0.28910 _ n.
273,30 -0.91 -0. 0.01 ~-483.247 -€5.163 97.113 193.836 0.747 103.823 -65.198 —135.952  =n.23986 J.
237,90 =0.00 -0. 0.00 =51.177 -67.326 97.175 103.920 0.718 103,908 =-67.331 ~142.062 _ -0.20169  N.
291,90 =y 0D -0. 0.99 -53.768 ~69.129 97.236 104.001 0.694 103.990 -69.124 -143.922 —9.17178 0.
: 370,09 =9.910 -0. 700 ~56.050 -70.647 97.290 104.078 0.672 10%.068 =70.652 -145,517 _ =0.14814. O.
: 311,90 =0.790 -0, 0.00 -57.994 —71.966 97,316 104.151 0.654 104,141 -71,970 -145,993 _ ~0.13003__ Q.
’ 321,30 -0.020 -1. 0.00 -59.148 -73.141 97,159 104.221 0.639 104.211 ~-73.145 -148.145___ -0.12089 0.
‘ 333,09 ~-0.20 -4, N.00 ~56.477 -74,368 95.984 104.291 0.621 104,279 -74.373 =-149.434  -0.14305 3.
= 349.00 -0.01 -4, .01 -45,019 ~76.306_ 93.474 104.391 0.574 104.348 ~76.311 ~151.421  -0,24082 A,
IR 350400 =0.01 -3, 0,01 =34.141 -79.419 91,830 104.601 0.420 104.553 -79.425 —154.573 __ -0.34496 0.
: 369,00 -0.71 -2, 0.71 -28.942 -82.784 91.035 105.013 0.058 104.953 -82.791 ~157,97S ~3.11473 0.
; 379.90 -0.91 -2. 0.0l -26.120 -85.477 90.604 105.768___~0.652 105.694 <85.484 =160.700  -0.23363 2.
339,00 -0.01 -2. 0.00 =24.066 -87.319 90.353 107.143  ~1.986 107.953 ~37.326 ~1862.579  =0.14968 0.
389,00 -0.01 -2. 0.n0 -22,333 -88.470 9C.212 109,686 -4.6497 109.597 <-88.473 —163. 765 -0.09120 0.
395,31 -0.01 ~2. 0.00 -21.380 -88.934 90.158 112.287 -7.092 112.206__—88.942 —164.254  <0.06491 n.
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AGCLS SPENT-STAGE TIAJECTOAY - _ =27 [TV _AERCSPACE CORP_-%SD °aGF  tC
37 DEG LAUNCH ELEVATION ANGLE, 12 LB PAYLOAD ACUTINE NC. LVYCZT
o PROBLEM NC. 1
ANGUUAR VE(OCTTIES AERD_FCRCES LOAD FACTORS VELCCTTIES W IND ACC INTS
TI9E 5 3 R A Y N NX NY N AIR Qe REL VEL nIr NX=[NTH
SEC 1 DES/SEC Y L8S } ( FT/SEC ) FT/SEC €6 FT/SEC o
173,32 .  —=15,43 3.65 3. 0. c. Y. 9. 0. 1272. 1272.5S 0. 9. 0.
HRENEE 7. =29.92 _n.4S 0. 0. 0. 0. 0. 7. 1273, 1272.9 2. . 0.
167,793 3. -1.37  0.93 0. 0. 9. 0. 0. d. 1317. 1317.0 a. c. 0.
PO 7. 1,10 0.03 0.90 0.0 =J.0  -0,00 =0.90 0.20 14%28. 1427.9 J. 7. =1.9
715790 A, -0.93  0.02 0.00 0.0 -0.0 -0.0n =-0.00 0.00 1592. 1591.8 N. 2. -n.n
EXAIS)) 0. -0.70 0.02 0.00 3.0 =0.7 -0.00 -0.00_ _0.00 1794, 1794.4 J. 0. -0.0
N0 J. -0.55 0.01 5.n00 0.0 ~-0.0 -0.00 -0.970 N.70 2024, 2026.2 . 3. -0.0
YA 3. —3.44 .01 3.90 0.0 =0.3 =0.07 <-0.n0  0.00 2273, 2273.& n. n. -0.n
280,30 0. <0.35  0.01 0.00 0.0 -0.0 -0.00 -0.00 0.00 2534. 253b6.4 9. 0. <0.0
2A0.00 0. -4.79 G.01 0.90 0.0 ~0.7 -0.00 =0.20 N.00 2810. 2R809.6 ). 7. =0.0
SAPER) 3. “A.%% T 0.01 .01 0.0 <3.7 =0.0) =-0.087 7790 3nan. 3099.5 3. 9. -0.1
730.70 3. -13,20 0.00 0.08 n.0 3.0 -0.00 -0.00 0.00 33T7T. 33771.2 7. N -10.5
2§13.00 N. -0.17 6.00 0.39 0.0 =0.,J <-0.01 <-0.00 0.00 36b61. 3667.2 3. 0. 2.6
379,00 3. -9.15  0.090 1.70 0.0 ~0.7 -0.05 =0.a0 _1H.00 3955, 1954.5 7. . -11.6
] 19,00 3. -A.13 0.00 8,49 j.o —0.9 -D.28 =0.00 0.00 4212, &211.9 a, - 0. -S4, 2
- 123,00 D <0.12 _ 0.00 57.20 3.0 Z0.9 -1.82 =<0.00 3.00 4251. 4251.1 3. J. ~31R.2
= 339.00 3. -0.15 0.90 199.42 0.0 -0.9 =~6.35 =0.00 0.00 3252. 3252.0 2. Ne -1627.7
)= 34n.00 0. - -0.26  0.n1 141.68 0.0 0.7 =-4.51 =-0.70 0.00 1639. 1639.5 N. .  =3545.6
. 357,00 . 0. =035 0.01 67.32 5.0 0.0 -2.1% -0.00 0.90 954, 953.6 J. 0w 45447
Y6750 0. 7. 31 0.91 44.3% 0.0 =0.0 -1.43 <=0.390 0.90 721, T21.4 3. 0. ~50931.3
179,79 q. -n.23  0.01 33,78 0.0 <0.0 -1.24 =~0.90 0.09 _ 6l19. 619.0 0. 0. -5515.6
330,00 0. ~0.15 _0.9n 36486 0.0 -0.9 -1.17 =-0.00 0.00 553, 552.5 0. 9. -5902.6
390.00 A, ~6.99 0.00 35.50 3.0 =0.0 -1.13 =-0.00 0.00 503. 502.8 3. 0. —62T73.5
<V96.31°- © 1. -0.06  0.00 35.03 0.0

-0.) -l.12 -0.00 2.00 477, 477.2 Da e -6501.7




§2¢.3
A-28 -
AXCAS SPENT-STAGE TRAJECTORY S o LTV AER2SPACE (JR°.~MSC DAGE 1€
{:}- 30 DEG_LAUNCH ELEVATION ANGLE, 12 L8 PAYLODAD RCUTINE NO. LVvyC2? R
_— SRCILEM NG, 1 .
RANGE COORDINATES AND VELQCITIES

_ TIvE XL YL IL XL-DQT yYL-00T L-007 RXY GAM=| VEL~L 2-0CT
SEC { FT ) Co FY/SEC ) FT DEG FY/SEC _FT/SEC —

179.02 213626.1 =-6927.3 405269,2 1271.26 ~54.563 =13.46 210750, ~N.605% 1272,.5 575.1

173,93 211343,2 -6979,7 405242.1 1270.96 ~54.73 -42.95 211S85R., -1.933 1272.9 551.5

199.00 2245565,1 -7533.5 433245, 4 1267,97 ~55.75% -351.54 224692, -15.4981 1317,90 310.6

270.00 23721 .7 -3995,7 393219.1 1265.16 =56.59 ~-659,54 227370, =217.5190 1427,9 91.9

217.00 2469349,.9 -3667.1 399%9073.8 1262.50 -57.57 -967.73 250020, —37.442 1591,.8 -132.8

220.00 262482.3 -9246.7 374854.5 1260.00 -58.37 ~-1276,20 262645, =45.335 1794, 4 ~330.2

233.0N 275079%.6 -9834.2 354548.7 1257.67 =59.09 -1535.04 278246, =51,539 2024 ,2 ~SNb.%

240400 237530.2 -10429.4 347152.3 1255.49 ~59.7¢ -1834,.34 237825, =56.435 2273 .4 -556.1

250,00 3001180.3 -11023.93 32566).1 1253.47 -60.32 =2204.13 3"1333, ~-60.346 2536.4 -773.1

267,00 312706.0 -116134.56 33306A,.5 1251.59 —60.82 =2514.67 312922, -53.513 2809.5 ~348,4

270.10 325213.0 -12245.0 276364.5 1249.84 —61.25 =-2825.83 3125443, =66.115 3090.5 -875.4

235,90 337703,9 -129859,2 246548.0 1243.12 ~61.59 -3137.50 337943, -KR,281 3177.2 -839.7

290,00 350171.5 -13474.5 213622.7 1245,97 ~61.33 —3448.51 350431. ~=70.112 3h57,2 -729.9

3 307,00 16251547 —-14035.4 177593.9 12641.76 -61.38 -3754,02 352890, =T71.676 3954.5 -533.5

5 31%0.10 3T74979,.7 -14712.4 13R628,6 1227.83 =61.36 -64023,49 175258, =7131.0310 4211.9 242,23

. 320, 00 335991.12 -15313.3 97649.7 1153.22 =57.72 =-4091,33 337294,  -T4,240 4251.1 119.3

.t; 331).00 197141.3 ~-15821.3 63133,9 313.39 ~40,72 -—314f,40 397456, =T75,497 31252.,9 333.2

g;\ 349,00 47279.1 -16104.3 3702642 355,77 =17.79 =1509.32 473113, =77,451 1639.5 2N3.3

F 153,00 405184.1 -16223.5 24954,2 156,03 -71.717 -9640.75 405509, =80.572 953.56 38.1

K 363.00 4N6292.7 =16273.54 16843,9 714.05 -3.75 -7T17.3% 406619, -—-813.341 721.4 45.4

j 370,170 206333.7 —16304.9 19217.2 36,27 -1.74 -617.92 427160«  —96.637 619.0 20.3

. IR0, 00 407077.1 -16316.3 4381.9 14.62 —Qeb4 -552.35 407404, =—-88,482 552.5 8.7

390.00 4N7159.9 -16319,5 ~832.8 3.19 -0.06 =-502.76 407437, -89,637 502.8 4.3

396,31 407158,2 -16319.2 -3971.5 -0.37 0.14 -477.25 4074933, =-89,895 417.2 3.8




ARCAS SPENT-STAGE TRAJECTORY LTv AEQNSPACE CORP,-MSD 245 iF
) DOEG LAyMCH ELEVATION ANGLE, 12 LB PAYLOAD ROUTINE NO. LvvC2?r
2QCRLFY NC. 1
INSTANTANEQUS IMPACT PQOINTS

TIve TIME~] LAT-1 LCNG-1 RANGE Xt-1 YL-1 L-1

SEC SEC OEG DEG N M1 ( FT )
179.02 341.1 37.5890 -T74.0866 68.2 413665. -16042. -4101.
179,98 3611 37.5290 -74.0866 68.2 413666, =16049., -4101.
193.79 341.1 37.53%3 -74.0866 68.2 413631, -16121. -41902.
200.00 361.1 37.5336 ~T764.0R66 68.2 413655, -16138, ~+102.
210.00 341.1 37.538¢4 ~74.C866 68.2 413708, -16251. -41C2.
220.00 34l1.1 37.5833 ~-T4.0365 68,2 413720, -16309. -4102.
230.00 3el,.1 37.5831 ~-74.34355 63.2 413732, -16343, ~4103.
240.0N Jel.l 37.5390 —T4.286S 58.2 413742, -16412, ~4173.
253.99 341.1 37.5879 =74.0965 68.2 413752, =16457. -4103.
260.00 3461.1 37.58713 —-74.738565 68.2 413760, -16497. ~4123.
270.79 341.1 37.S877 -74.0365 58.2 413767 -16533. -41013.
2939.30 34l.1 37.5376 -T74,)86% 6R,2 613769, -165%4. ~-4103.
290,90 341.2 37.5875 -74.0866 53.2 413761, -16570. -4103. -
0.7 36l.2 37.5875 ~14.0367 6R.2 413127, —-165610. -4123.
3112.00 341.5 37.5875 -764,0871 68.2 413627, ~-16622. -4101.
327,90 342.8 37.5377 =74.0932 68.2 613298, ~16617, —4094.
33%.20 348,5 37.583% + -T74.0915 68.0 412263, -16569. =4074,
340430 361.2 37.5867 -74.0985 A5T7.7 4110234, =15443. -4034,
350.0¢C 372.3 37.5908 =74.1062 6T.4 603540, =16376, -4001.
350.970 380.0 37.5913 =74.1069 6T.2 407711, -16336. =3935,
370.00 336.2 37.5915 -74.1032 67.2 4N7349, -156322. -31977,
330.70 391.46 37.5916 ~-74.1036 6T7.2 4071207, -16318. =3975.
330.00 395.3 37.5916 -14,1033 67.2 407169, -16319. ~-39T4 .
396.31 396.3 37.5916 -74,1088 67.2 407166. -156319, -3974.
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fape H Tracking Station Data

) RAMNGE . slant range from station to vehicle (n. m.)
RANGE-RATE time rate of change of RANGE (ft/sec)
AZ  azimuth of the vehicle with respect to the tracking

station measured clockwise from north on the
station geodetic horizontal planc (deg)

. AZDOT time rate of change of AZ (deg/sec)
BL elevation angle of the vehicie with respect to the
station geodetic horizontal plane (deg)
BELDOT time rate of change of EL (deg/sec)
ASPECT angle between the vehicle roll axis and the radar

line of sight, measured from the nose of the vehicle
in shortest direction to the line of sight (deg).



A=31
Sl-galnlFamis A8 500 T{NT SOCKET, aALLCPS [SLANU LAUNCH ) LTV AERCSPACE CCRP.=-MST PA5E )
a7 JIT Lau - FLTuaiilT A olt. 12 Lo PAYLCAGL RCUTINE NC. LveC27T
PROPLEM NCo R '
!
TRACKING STATICN MAVE - FP3=16 .
_LTiT__f = 1T, 131 TEG LONGITUME = =75.48509 JES ALTITUSE = 53.73 FT
MR T T . lie-atf kY AZ-LOT £L EL=-u0T  ASPECT  GR RANGE
- SN 1 R Tlo CE6/S5:C €5 DEG/55C pld N M
e s BRE 152.53%3 “0.671 ~l.cdbw “o3562 u,76 J.du
.- NEE S 1520421 -2.6799 1.5312 14,4435 97.85 JeB4
. K R 15045153 -4.3121 1247529 26.1d81 109.21 o3
- P AE 7.0.0 197.3253 ~6.39d4 28e 304 33,3315 125.36 Jeds
o R PR [=v.30723 -7.37.9 IV 25.5%3% la0.87 J.8
. TeC RN RERFELED! <6.75.2 S1.34%7 16.5715 1+3.5¢ 0.59
. NP RN Twtae=all =%.7512 51.8377 16.0715 149,52 J.53
ARE NEPES) EEEFE 1w 1545 ~6.,54l1 53.4530 14.9523 151.16 3.59
L REE TR TI7 TALO -5 .6057 53.3173 5.1536 197.33 D.86e
e _e~37 N 135..575 -4 ,8359 (RS €. 060 161,39 J.84
. .- .2 EEERE 13248969 ~4,20+C 65+60%3 ~.2517 lb6a..3 3.59
T e R Tia-. 132.7233 =3,63207 674313 J.11aC 1665413 J.8
. 1. 17 RN 125.0i% ~3.061 ERRESE 2.3587 167,77 T84
c. le 7 R 10Geco.n =3,2-n7 6d. 1774 2,357 167.7° A ‘
0 G LT T 12744551 -2.9636 698413 1.3358 169,73 J.34
B EE R 125.2341 -2.7339 TdehduT 1.96423 117,09 D459
o BREY led: EEETS 129.9113 ~2.52174 71.3958 172771 170.99 3.6
NOER T..7 R L2347910 “?.3unp 71357 ..792 111.76 .34
R e~ R 120 e5hTw =2.159c¢ T2ea73c T.3072  172.4% 0.9
- o PR EE APk “2.0%98 72.2929 C.IT49 173.63 D)
MY T.45 R 2,517 <1.9223 T3.2527 J.nk85 173,57 0.8%
- . e L e 33D EEEEN ~1.R054 T3.551°2 De2742 LTa.Cn R
- Tl R FIRER ) k{ o572y =1e5979 Ty.0235 Te2GA9  1Ta a7 D
T, T T T . PR . 1:7.2352 ~1.5379 Taeinl? Ge~308 17w.A> (.94 -
- T LY T L1 7.106 =1.5545 T4.2611 J.1738 175.29 .3
T v T.E A L .%e3°6G5 ~l.41 '8 7444155 C.32us 175,52 D
T e e Y CT3i.-  Ti5.%502  =1.3357 74,5844 0.2314 115,8] IED
T . BRREE! T e 15542 =1.7611 T3.T173 Ce2539 176407 7494
e in T~ .7 EPTYAE] -1.19.9 I PYLERE TW2138 175,13, 3.9
T oTTTTT T . Lo T+ .- BEPFECSE =1.1257 T& 5254 Ce1317 176.53 TS
3 T s MR RIS =1.045¢C 75.7.35 T.1%69 176,73 sl
. ot TSI RN ~1.. 03 75.0356 2+1320  176.92 Tl
- T RIS N . IR =3.555, TS5 TeT] Celloa 177.09 1.11
- DR P AR TITOEYLS P L1 751973 J. 8.1 177.7< T.25 .
" T R I D e B A S o 15241 TL o s 177,33 T.26
. TS PR 100 AT =T 817% T5.27h0 C.0h27 177,51 1.33
T .= PR ™ . T e37=3 =N, 77.3 753 60 0,533 171,63 1.268
o . T~ 7 - Liseg Ta -0.7316 75.3263 Jauld?2 177.73 1.33
N i~ K] TR “0.5947 753415 A 20ke 111.83 1.45
T . .5 DR TN =2 hni0 75.25148 CoJlA3 177.91 )
T W o . 71302 =2.627+ 75.357R Jewu73 171.93 1.5
e BN R PR ~N.%55£4 75¢3534 =0..07°8 17R.°% R
T A EPERE R RIS -5 TARAL 75.3273 =3, I0RY T8, 12 1.51
- . SEN S NI E-BY -2.5.02 EXEERE! ~ T i, iTlA.. 7 R
- . E R . TRy <i.5.56 TEVI5T SU.l7le 17B.:° Y




A-3 -
(f— SY Talte f-eioCais 950.° “lue ROCKET, ~A4LLOPS ISLANC LaUNCh LIV _AFRCSPACT CCRP,«“ST 2AG 2
- 3T T I _a - TLIwATit X 5ues 12 L8 PAYLCAD RCUTINE NCo o ¥VC27T
PROPLEM NG :
TRACC!ING STATION NavE = FPS=16
LT, = 17.46131  7TEG LONGITUDE = =75.43909  DE6 ALTITULE = 53.73 F1
- T r TLNGE SA ok =aATE [V al-CCT1 EL EL=uCT ASPECT GR RANGE
N R FT/75tc TG CEL/SEC DEG NEG/IEC DEG N MI
z.. €, 52 Jee. 1 137.7327  =0.4913 15.3301 ~J.U2R 178,26 1.63
2..5 R 275441 10745528 =0,4685 7543152 -J,032C 178,32 1.78
FPRRE =510 TAlAT 107.3237 =C.usTl 75.2932  «0.U347 178,33 1.7
LA £ . Ta% EETR 107.1%0%  =0.4259 75.2789 =0.uell 173,35 1.88
RN EED N 16,2975 =0.560377 75.25764  =0.0469 173,317 1.88
B RS SN 1:6.5777  =0.383p 75.¢335  =0,5485 179,239 2.01
RS R TR ATel A TE T STUATIS 7502048 =0 00t L7 R R ; e e
T T R e A S . Sedned SRR R B 2 hiael R ]
T T Do R T TR T T E TN BEA L1 L X T O S-S B4 R TR TS S U i .
TrTTTTTTTTTT T TS 2.0 S 1J5.98%, “C.3002 7924203 =0,d50"0 17a,83 2408
S E G 137, 10943247 =(.21204 75 ed93 =0.0523 178.4% 2e34
R R 1451, ) 105.0715  =0.2932 79e082%  =DaJjbbi  L1TBeus 2.34
7. .17 EEV R 1c5.5243  =D.2866 7549238 =5,U0652 178,44 2,45
7.5 ek ERE 105.3349  =0.2748 74,9952 ~J.J5RC 178,44 2.52
c . .7 4 16570,5 105.2503  =0.2435 T4e9:20  =0.1695 179,44 2.55
Zi.z I 17777 1J5.1214  =0,2523 749249 =0.4709 13,44 2.12
z . PR 3rc540 12<.9977 =0.2427 Tee8911 =3.U722  1T3.4v 2.19
242 S 1G53, ) 156.2737 =0.2333 7448545  =d.0734 178,44 2.82
NS R s 10ee7647 =0.2239 T4a.817% =0.0744 178,44 2.94
- 3.5, 11.310 R 1096549 =0.2151 T« 1301 ~J.0754 173.644 3.03
.. .67 1 ERERE] 194.5493 =0,20€8 T4¢7623 =0,0762 178,44 3.11
3.5, lc. 15 3.7 1 4e~480 =0.1989 TaaTow0  =0.J7173 178,43 3.2¢
LR 12,374 cs.7.3 (0443505  -0,1913 Tueb652  =J.0776  173.43 3.33
N B 1eo1a] ) 10%.2565  =0.1339 T0eb62463  =0.97R81 178,43 E
SR 12.19% “Eal1.5 [Jve16hh  =0.1704 74e9372  =0.U7R4 178,43 3.5«
) EEPE ERERE L7112, 104,305 =0.148) Faadup] =0.0781  178.43 .66
... 13,3 ° 11,5 1i13.6935 ~0.1596 T4.5022 -3.0773 178,43 3.78
L% TPYERT RERYE 103.7210  =£.1507 Te. 4709 =.0762 178,43 3.85
LN 1w.232 N T73.7475 -0.14.9 Taee331)  =0.07a47 178,42 3.36
5. Y R 103.6575 =C.1%19 Tueu32? =0,.0747 17A.42 3.96
EERE EPEEE ISR TC2.3.59 =0.0827 74.0063  =C. 6.9 L78,8] 5.06
= .- ANED PERERE! L0Z.7512 =0.0375 7345284 ~0.556) 179,40 7.25
- -~ .- 33,35 35 0.7 172.4773  =0.0139 72.9653  =C.J552 179,70 9,40
T A5, KERERE LG2.3240  =0.0147 F2.ulT>  =0.0%A5 179.26 11.51
T P “w.717 ERNEE 102.222% ~0.0C71 71.5.23 ~l.L62h 173,64 13.03
ER LS, 13 EENEE l1o2.177.:  =n.Ccw2 Tlaln=~3  =2.2672 171,97 15.73
s Feealds RN tileiant =0l 24 Toe4bTa “Teu723 117424 17.31
- LT S 2.3, te.1275  =0.pCl\2 £9.7.57 “ VLT3 176445 19,99
. N BN [77.1241% =b.hcu3 554900 —i..beu 115.42 21.58
- N AT HEETR 102012805 [ 68,4281 =leu%l3 (Tl 26400
- - T T PR ERETG iT2.1254 C.o00k 67ecTlt -7.J9°% 173,72 2613
BN R R 1021308 1.2011 £5.032° <2.1C85  1712.h5 23,15
- Tt T NPT T - .5 157.1a3% 3.5 004 AL AT SNUTIAT 7). W8 3C.22
— . T, PR SRy A oClk fi.e513 -, 1373 179.2¢C 32,29
TR L 7oL 2 - ENT IR 30017 52.4754 = i221 163,95 EPYE)




A-33

1
S{ falr 7ot 18 30 S -o(siTy aALLOPS [SLAND LAUNCH LTv AfRISPACE CORP,-M50 .00 am
=0 CilLinl- foT.0T ST TeTe 12 LHTRAYCCAC RQUTINE NJ. Lvve2?
PQOULEM NG, 1
TRACKINMG STATIZN NAME =  FPU=§
c-T. . % 17.%623  LEG LONGITUCE = =75.52931 DEG ALYITUDE = 61.s.8 FT
T T T ey it 7 ol aie-ics X A2-COT £L TL=UCY ASPECT  GR RANGE
RN o Fl/50 TEs CEG/SEC JEG JEG/SET CES N MT

e SR TEL D 1307514 -N,0518 -3.4317 Je2584 97,92 1.92
N R Dl 3k .7120 -0.1935 01253 1.322¢ 98.36 1.92
o AR N 3045000 ~0.4170 1+5461 3.5238  1J0.1 1.52
e R TR 13b.2912 NS 3.9895 5.3099 02,1 2.01
- L. ERE R 135.9382 ~C. 8491 7T.4122 To+567 106429 2.01
P PR EERE 135.5-15 =0.A543 15.3937 7.3217 109,26 2.10
B T R TR _35.5R.5 EEYE 10.3947 T.3312  109.36 2.10
e Toso ] T35.-760 =T AwT. [1.1762 7.2.98 110,14 2.01
B e e 135..627 =3.8127 15.5919 £.2571 113,49 2.10
T B S 1395.563+ =0.73C7 17735 £..734 117.0C 2.10
- . - T e 3a.230n -0.7519 207152 5,0.75 120.05 2.10
.5 e ToUEk 133.9125 «0.7233 EEPCSER 5,143 127,36 2410
S P D 133.5%5 7 ~0.6974 25.87:.4 ~.7092  125.45 2.10
-. c.o 1 79~ 133.5974  =0.6974 25.87)a %o 10G2 125,45 .10
N R . 133.2107 ~8.6937 23.1533 ~.+337 127.86 2.10
T PR s EEPELSE ~5.6954 37.3151 “.2.09 130.15 2 14
B R Tan . T32.51+5 ~3.5973 32+ 3650 3.9894 132,33 PR
i P Iy 1327557 =G.7006 3L 1555 3.7832 134.40 .14
T PEEE LT T31.381%9 =3.7065 35+1519 1.5380 135,37 2.22
: P T .- TIT.NSSY T =0. 7134 T7.9.53 3. 3234 138.26 202
RIS R Ti55.3 T3 I3 =T.7234 39.5757 32577 140.05 2.20
T T T3 TS oS TITTTIAT =0.7261 ERTCEN IU5FT Tat,.717 7.26
- = A TS TITL IO =0.7355 Gl BTal Z.7w68  Ja3j.«d 7,26
T KPR MR S PP =U.74z% INS SN 2.7359 law.96 226
A T .= SE] IR E ML D) ~0.7487 45ewT 1o Z.00RT  lah,.6d 2.34
M S R 1777251 =0.7545 46.7175 2.3035 1a7.87 Y
- LT E A ISR CLY LT =0.7537  4g.0C19 2,382 14§,22 2avl
T, B TR T T3, 9545 e I N 9. T57% 2 TR TI5C.50 FIE)
LT RIS Te 1.7 I23. 1116 =T TASS 502724 21537 151.73 2e95
s R IS 127.7253 =0.7723 51.3223 Joo=3l 152.90 2450
T TS TS5 PPN RE P P & L% 52.3177 L .738¢  15u.d1 750
T P PR 7Y 755507 =0.7787 532514 1.37372  [55.07 752
- PP T L D TI7 5510 =0.7d¢J38 54+157% Te =33 135.33 7.55
. s MEREI I76.1697 =0.7821 LSRR 1 5545 157.04 2,62
T TR T IREPRA S <0775 ThLRLIr v 363w  157.95 2.09
MES e T AT R £ =T.T3T 55773 LR T PR .63
- TT.E e ! 775755 -0.781% T3 07 L.=1T5 (58,7 Ze12
T . PR T LAY =T. 7733 ST 3757 IR EEE NN 279
- T TLT TR TS TR IS T =0.T777 EERECNE ] 12700 161.23 .79
- . T.e. % PRI 73,7213 “0.7754d 5505 1.7732 161.95 2.88
T P T A PETR ~T.77:3 535275 Tei=<C 1h2.6% .94
T T TSRS OIShS T =SNLTSRT COPTOEN T XAT 153,30 295

TorTT P T 7T, T e T YT TSI AT 50.59347 NP LR T 237 .
: T LT MRPME R T 753% TN T3TEE Te.64 .03
- A e~ . R <ledn] - 78473 Rie7 i PREI R J.db




— - A-34
{:_““ SI falnie=ana(as 520" 1%s S3CET, AALLCOPS ISLAND LAUNCH WIY AFRQSPACE CORP,-m3Q
8T TIG i tlr ELTGATITN AT 5T, 12 B PAYLCAD RCUTINE NC. LVYVC2T
PQQBLEM NG, 1
e _TRACAING STATIGH NAME =  FpQ-g
LATIT of = 17,34323  LEG __LONGITUDE = =75.50931  9foG ALTITURE = 6Lle18
T ey TN To LTk aZ Al=C0T L Te=-oT ASPECT 56 RANGE
T R F1/50C TES LEG/SEC ZEG I5/58C €6 N M]
EE N FET 121.5382 =0,1488 62,3684 J.885C  165.67 3. 17
2..5 S AR 121.1056  =0.7429 62.7999 1.3413 166,29 3.20
27 R 274 e%  .2L.1756  =0.13066 63,2101 0.8C00 166,71 3425
- RS R SENE 123.4295 =0,7300 6345003 2.7610 167.19 3,33
RV TLhL RS L270.0061 -0,723C 4£3.9716 Je7260 167,66 3.39
22.% T.Tns RN L19.776) -0,7157 6443245 C.5891 168,11 3.4l
e FR R 119,3525 «0.7082 64 6608 C.5559 148,53 3.46
2.3 S ] 3 213,3043 <C.7004 5449329 0.0245  168,9% 1,54
75" EREN L2 110,645  =0.5523 6542856 0.5947 169,34 .61
35.8 IR i 116.3058  =0,6839 6537563 0.5665 169,12 3.66
o. L R K - 17,3662  =0.6752] 65.8524 0.2396 170,08 3.73
S R 3 B L17.63C% =0,6665 66+1156 JeDlal 170,43 3.80
21, ek : | 117.2993 «0L.6574 65643666 0.~839 170,76 3.92
s8] R R 116.9732  -0.648) 66+H05A 2.4549 171,29 3.98
e SR 3 2 116.6512  =~0.5391 66481317 Jass3]l 171,40 “.07
o 25,5, 1o esT 3 = 116.5341 =0.6298 67,0511 S.<244  171.69 4,09
- PR PESE 3 P) Li6.02.6 «0.620h hTe258 J.40a9  1T71.3% 4.24
] R Ti..22 3 3 115.7136 =D.6113 R J.3383 172.26 4.39
. E R . 3 115.«1C3  =0.6020 6Te6auT J.3ec86  12.52 4,40
3.5 T1.773 ill.. 1.5..116 =0.5926 61.82a8 c.3o18 [712.78 .46
MRS R . .3 1.6.8174 =0.5832 679567 £.3358 173.02 4,58
31.6. 1. c® . 43.3.% Ti5.5283  =0.5738 58 1607 0.3206 173.25 .58
) -~ 3.0 HAREER IPERE 110237 ~0.5644 58.317¢ .36 173,49 w17
, i0.50 . 3.3 5. .0 - 113361 -0.5546 58440563 Je2%2)1 173,71 .86 -
I i T 1.3.6893  -Q0.5433 6646095 S.2779 173,32 “.37
i EEND K TEEIN L13.42:2 <0.529) 68 TwnT 0.2631 174413 3.06
- EFRS - SEEYS 103.1608 =0.5121 68.87123 C.2uT4 174432 5.19
3L.% i~ PR 112.9295 ~0.4927 4£8.9921 §.2314 174.51 5.29.
5, FE SFEPE 1.2.6633 <-(C.4724 69,1018 C.2158 1Ta.658 Seal
EERR e “72..3 112.6683 =0,4724 63.10238 J.2158 [74.63 Seal
35457 G EYEPE 1.05.74.5 =0.3182 55.8655 C.1.29 175.7. 5.8
5. e “e 7.2 128.3933 =0.1724 70.5275 . 7290 116469 3.65
T PR 37 157 5.2 13745291 “£.1079 TIe6,Ta  =0.c070 177491 10.78
7. BE LA T1€.1385  <8.073a TC.ada8  =g.52°¢ 176.93 12.91
N < Tyl % 195.5.65  <0.C527 700957 =se-=<t7 176.73 15.50
PR g R L55.c5°3  =0.0394 5Ge63ue =...512 1764310 17..0
G <2 BN [Cweting <=0.0303 £9.0162 =C.0602 175.117 19.19
L .o R Jean.z 1owentad  =0.0239 58.4318 -G.l636 175.12 21427
T7. . 7 Zin i 12«.2312 =0.0131 67« 0l =0.0743 174,33 23,34
MERSS I R 124.2536 -N.0155 66408926 -0.J455 173.55 25,41
LT 7 R 123.97176 ~0.0128 6£5.9928 ~0..946  .72.63 27.48
TS .ot 7 ERER EEPERIY ~0.Cl06 643081 “0..0u5 [Tl.hi 23.53
T NEPRN bk SRR TR «N.3C89 53.¢999 “Ceilfa 179,49 31.59
PRI T S REETEEED -3.0C75 62 bkt “J..¢73 153,25 33.05
TV e EER RSN ~J.00bw 5. ewndl SIe 357 L53.22 EEPEN




PP S

) T ARCAS SPENT-STAGE TeAJECYORY T =35 LTV _AEACSPACE C12P.—4SD SAGE 1M
Q) T T 7T EG LAUNCH ELEVATION ANGLE, 12 L8 PAY{DAC . AOUTINE NO. LVYC2T
. e oQndLcM NC, 1
TRACKING STATICN NAME -~  FPS—16
LATITUDE = 37.84131 DEG LONG[TUDE = _ —75.48509__ DEG ALTITUDE = 53,73 FT
. YINE_AANGE  GANGE-QATE a7 Az-00T EL EL-ONT_ASPECT GR ZANGE
SEC N M1 FY/SEC DEG DEG/SEC JEG DEG/SEC DEG N u1

179,02 75.215 5771.0 _ 102,1745 0.0017 62.4264  —-0.1421 163.95 34,12
179,98 75.324 553.5 102.1761 0.9017 62.2896 _ -0,1435 144,20 34,32
160,793 16.137 312.8 102.1939 0.2018 60.7771 ~-0.1586 103.73 36.38
777,00 T6.162 ay.2 102,2122 0.0C19 59.1060  -0.1760  93.37 38.44
213,00 TH,122 -13n.2  102.2311 0.0019 57.2483 -0.1960 85,30 47,49
233."0 TS 343 -327.% _ 102,2501 0.0C19 55.1757  -0.2191  19.+8 42,54
233,00 754256 -503.3  102.2691 0.0019 52.8553 -0,24517 75,60 44,53
J<h.0 T4, 301 -652.8  102.2490 3.0Clq 50.2437  -0.2764  73.31 46,70
250,00 73,125 -769.5  102.39656 0.0C18 47,3126 -0,3117 72,33 48.78
2§0;00 71.790 -B845.5 102.3248 0.,001¢& 43,5989 -0.3519 T2.48 50,87
273,00 70,370 -871.3 _ 1082,3425 0.9017 40,2569 —0.3973  73.62 52.97
297,90 68.356 -835.,5  102.3597 0.0017 36.0364  -0.4475 15,47 55.08
263,77 67,561 —725.6 102,376 9.0016 31.2969  -0.5010 __ 78.5% 57.21
110,00 65.615 -529.4 _ 102.3929 0.0015 26,0154 —0,5547__ 32.30 55.34
119,00 £5.97" ~239.3  102.4079 0.001% 20,2242  =0.6011 _ B&. 74 61,59
= 222,90 A5. 31T 122.0  102,4203 0.0013 14.1127 -0.6083  91.44 63,57
i) 230,00 664297 335,2  102.43138 0.0009 3.5848 -0.4501 95,91 55,35
357,00 LY 208.,%  1072.46377 0.0004 5.2281  ~-0.27297 _ 97.31 66,36
350,00 6T.N04 S98.4 102.4401 0.0002 3.5053 -0.,1335 95.91 66.79
367,00 67.118 46.5  102.4411 0.0001 2.3583  -0.1011 __ 93.69 67.00
370.00 67,171 20.9 102.4415 0.009C 1.4258 ~0.0968 91.93 67.11
192,00 b6T.194 8.9 102.4416 -Q0.000C 0.56062 -0.0775% 90.90 67.17
359.00 67.204 4.3 102,4415 -0.000C —0-1326 -0.0735 _ 90.49 67.20

3196431 57.219 3.8 102,4414 -0.2000 —0.5659 -0.0670 90.45 657.21
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IRCAS SPENT-STAGE TRAJECTORY A-3o LTV _AEROSPACE CORP,-MSD SAGE__ IH
90 DFG LAUNCH ELEVATION ANGLE, 12 LB PAYLOAD ROUTINE NN, LVvC27 )
PROBLEN NO. 1
TRACKING STATION NAME -  FPO-6 5
LATITUNE = 37.96023 0FEG LONGITUDE = -75.50931 0D€G ALTITUDE = 61.18 FT . ﬁ
KL RANGE RANGE-RATE Az AZ-COT EL SL-DOT _ASPECT GR RANGE - ﬁ
S€C N1 FT/SEC 0EG DEG/SEC DEG DEG/SEC DEG N MI 1
75.381 565.0 103.5560 -0.0064 61.4832 -0.1397 168,02 35.50 1
T5.972 ST1. 7 103.5499 -0.0063 61.3487 -0.l4l1 145.11 35.69 i
T6eTLT 337.7 103.4913  -0,0054 53,8584 -0.1566 104.62 37.75
77.976 105.9 103. 4413 -0.00%6 §3.2063 <0.1742 34.25 359,81 b
T7.073 -106.5 103.3934  -0.0040 56.3661 ~0.1943 36,16 41.87 ) -
76.73% =3C1.5 1"3.361% -0.0034 54.3105 -0.2174 80,32 43,93 ’
7629793 4751 103,.3293 -0.0030 52.0076 ~0.2433 T6.42 46.00 . :
75.1864 -622.1 103.3013 -0.0026 49,4207 -0.2742 Ta.11 48.07 3
T 0R3 -736.5 103.2768 -0.0023 46.5082 -0.3090 73.11 50.15
T 1A« -310.3 03,2551 -0.9020 43,2246 —0.36485 73.23 52.24
Ti.a23 ~334.3 103.2367 _ =0.0013 35,9215 -0.3929 Ta,33 54,34
T0.071 -797.6 103,2182 ~0.0016 35,3523 ~0.4416 T6.33 56,46 1
68,337 -6349.3 93,2073 =0.0015 30.6796 -0.4934 74,18 58.58
7352 ~494.6 113,1392 =0.3613 25,4832 -0.5653 32,81 60.71 !
67,250 ~209.5 103.1763 -0.0012 19.7961 -0.5898 97. 14 62.95
[YPEDN 143,.3 103.1646 -0.0011 13.8035 -0.5962 91.93 64.54 i
67.655 345,90 103.1551 —0.0007 3.3876  -0.4507 96.09 66.73 ¢
A3.131 211.8 163.1580  =8.0003 5.09%2 -0.2250 9T .42 AT.73 1
68.375 9.5 173.1477 -0.0002 3.4113 =0.1308 95,99 68.16 :
AR . &30 4T.1 103.1465  ~0.9001 2.2874  -0.09971 93,74 68.37
5A.544 21.2 103.1458 -0.0001 1.3735 -0.0851 91.96 68.48
63.568 8.9 103.1452 -0.0000 0.5704 -0.0760 50.92 68454 i
63.578 4.3 193.1448 —0.0000 -N.1536 ~0,0691 90.48 68,58 %
69,502 3.7 103.1446 -0.0000 ~5.5783 -0.0656 90. 44 68.59 !
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